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" . . PREFACE m 

* • , . ■ ■ ■ ' » 

During the piisl lew yciirs Ihcrc liMSchccn a growing interest in the secondarv: 
iKe of research \\\u\ tlevelopnienl output. Il'the output IVom a reseavch elTorUaiver^ 
anJ heyonU its uiitial specilic mission, can provide technology that is productively^- 
Used in many locations and/or by a numberoforgahi/ations, then the original cost; 
of the research can be viewed as providing a substantial contribution over ajid; 
al)ove its primary tasK t() satiNlV a specilic and delined need. Secondary utilization 
of research and development lias attracted the attention of the President of the 
United States, the Department of Defense and ihe individual-Services as a logi- 
cal method of enhancing the productive output ol' research and development 
. elTorlJ 

Several sectors of the Navy have taken i.n active role leading toward more 
elTecli\'e use of research and development output. Three such elTorts are appro- 
priate lo be mentioned here: (I) The Headquarters, Naval Material Command, 
Washington. D.C. has heen.de veloping communications networks and technol- 
ogy documentation and distribution systems specilically dn'Fct'ed toward the en- 
hancement of the use of research ;md development output." (~) Certain faculty of 
the Naval Postgraduate School. Monterey, California have been investigating 'ihe 
processes.'.concepts, framework and methodology of technology transfer. (3) The 
Headquarters. Nlaval Pacjlities Engineering Command, Washington, D.C. has^; 
conducted several studies and has- introduced several programs within its com- 
mand that deal directly and specilically with thd'clesire to enhance the utilization' 
of research and development output.'* . . ■ 

This book i^"a documentation oCihe papers prcvsented, at the , lime 9, 1975 
one-day briefuig jointly spon.sored. by the Naval Material Command, the Naval : 
Facilities Engineering Command and the Naval Postgraduate School. 

The intent (i)j*,j'rfvohe-day briefing was to present to interested persons a review 
of the progvtss being nrade in understanding the processes, concepts', framework 
and methodology of technology transfer. The approach was to present both 
th.eoretical work and practical case histories demonstrating the use of the theory. 
, There are relatively" few centers in the United. States doing what Ls sometimes 
/called, "Research on RL^eju'ch" or more specilically research on methods of - 
enhancing the utilization of research output, in addition to the Naval Post- 
graduate School, one'of the centers that is concenirating considerable effort on 
this subject IS the Universir. of Michigan Center for Research on Utilizatiori df 
Scientilic Knowledge {(^RUSK). The work of CRUSK with the U.S. Forest 
Service (-USFS) has i'esulted in interesting new methodology and meaningful case, 
histories. Because of this Dr. David Lingwood of CRUSK and Mr. Hal Marx of 
the USPS were invited to participate in the one-day briefing. 

Rear Adm. C. P. Hkas USN, Director of Technology 7^*ansfer. Headquarters, 
Naval Material Comm.and. was the host. I'hc briefmg was held at the command 
Jirielin*j auditoriani at Crystal (.'ity IMnVa. Arlington, Virginia. 



^'I*rcsiClciu\ mc>s.tgc li> C\>ni:ivsN. \I:nv,h h^72 ■- 
-l^cpiilN Sccrci;ir>': Dcjcnsc nicnio lt> inilil;tr\ services. June 2\. 
\\cci>urthnj: Oriicc Kcpoii (CiAO). l)cccnihcM' 2^^ 1*^^ 
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All of lliu papcM s picscnlcd al* the bricniii» were rccordccl^on audio tape. These 
were then iransenbecl aiul a iranseriplion was sent to eaeh author for editing. 'I'hc 
syntax of each paper as it appears here is the anthorVs choice. Some ofthe papers 
are essentially a verbatim transcription of the author's speech, while others have 
been edited to have.a syntax akin to a paper prepared lor a technical journal. 

The printing ofthis book on technology transfer papers is the joint elTort ol'the 
Naval Postgradiiale School and the Naval Material Command, Washington, p,C, 

/\s eilitors it is appropriaUiiMuI with sincere appreciation that we extend iHanks 
to each of the authors whose papers appear in this book, to Rear Adm. C, P, 
Hkas, Mr, Perry Newton, Ms. Sterling Atchinson antf Ms. Linda Massaro of the 
"Naval Material Conimand, Washington, D.C., and to Capt. Vince Skrinak and 
Mr. '^rim Rohrer of the Naval Ricililies Engineering Command. 

Monterey. Cahtbrniii 
December 197.^ 
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1. THE LINKER ROLE 
IN THE TECHNOLOGY 
TRANSFER PROCESS 

' " by 

M. E. EssogloCK ' . 

Assistant Commander for Research and -DeveTopnient, 
Plans and Programs Division, Naval Facilities Engineering 
Command Headquarters, Washington, D.C. 



This morning we hope lo lell yon why the Naval Facilities Engineering Com- 
manti (NA VI' AC ) embarked on the series of smdies and other elTorts bearing on 
the subject of technology Iranster* We have also included in our program* today 
one ease history ofa specific technology transfer event. However, Ihe main thru.st 
ofonr presentations is essentially intcncKjd to tell you what wc-hav'e done in terms^ 
ororgcmizational considerations, behavioral considerations and the kinds of things 
that really constitute the technology transfer problem. 

, Before, discussing my main topic, Tfeel it is necessary to give you a brief 
chronology of certain events that the Assistant Commander for Reseatch and 
Development of the Naval Facilities Engineering Command has been essentially 
responsible for since about 1962. Those, of you familiar with the literature on 
technology transferkvill see that there is some correlation between the distribution 
of various books and p^ipers on the subject of lech/iology transfer and the appa- 
rent timing of our management actions as reflected in the dates shown in Figure 
l-l. This [igure shows that in addition to sponsoring studies at the Naval Post- 
graduate School (NPS), we have taken a number of other actions, partially as a 
result of the guidance indicated from the NFS studies, and partially from bur own 
knowledge and reading of the general literature and our intuitive perception of 
what we thought we should be doing to enhance technology transfer in the NAV- 
FAC family of organizations. I, would like to point out that these eventjs indicate 
an awareness of technology transfer as a conscious* type activity as opposed to the 
more "random, traditional technological diffusion. Pur awareness that people, and 
people to people type contact, is the way to solve most of these problems as 
opposed to the more formal bureaucratic type approaches, is also rellected by 
some of our actions shown in Figure l-l. 



1. RDT&E Assislance (1962) 
.2. RDT&E Utilization (1964) 
3\ Mandatory Task Proposals (1965) 

4. Technology Transfer (1966) , . 

A. Applications Division 

B. RDT&E Liaison at Field Level 

C. NASA and Other Programs 

5. CEL Report Utilization 

A. Naval Postgraduate School (NPS) 
(1967-70). 

6. NPS Technology Transfer Study (1970) 

7. CEL field Engineering Support Office (1971) 

8. RDT&E Assistance Doubles — 
$100 to 200 K (1971) 

\ 9. CEL/NAVFAC Workshop (1972, 1974) 

Figure lyi Chronologyof NAVFAC'S Technology Transfer 



Let me explain what we mean by RDT&E assistance and RDT&E utilization. 
The user is generally a mim in one of our field offices. These users of our technol-^ 
ogy have always felt that the' Civil Engineering Laboratory (CEL) never-quite 
solved the problem of a given research'task fast enough to'make the results, useful 
tor his operating needs. Therefore, to make laboratory expertise readily available, 
we set up the RDT&E Assistance. Program by setting some money aside for 
laboratory personnel to answer, on short -notice, questions raised by the field. The 
RDT&E Utilization Program refers to efforts in our Headquarters such as the 
estal^lishment of a division responsible for the utilization of the research output of 
the laboratory. This program was a Headquarters function whose mode of opera- 
lion was primarily through administrative tools like instructions, memoranda, etc? 



Sioiicc Ihnt while i( rociiscil on the prohlcnu its scp;iralcncss"lVum the **pcople 
ajjcnls'; in the phiihkci user cliiilo^jnc providcil the seeds lot its nulmv and dis- 
eontiiuiance h\ l%f>. * 

We went through i\ phase about I%5. where it was eleaiiy rewgni/.ed that ifthc 
eusiomeis had input in rorniiMating the reseaieh praeram the oJd.s were that the 
oiitput would he utilized more readily. We w^ent through a typical hureaueratic 
routine where we required all held aetiviiics to submit a minimum number of 
proposals per year. VVelL needless tomiy, thaj did not vvork» because we im* 
meiliately were swampeil with proposals and had to screen out mosl of them and 
shoss that they were not .vorthy orpiusuit. 

Asvareness'or technology transfer in NAVFAC, as far as I can determine, 
dates back to A number of independent initiatives relating to technology 
transfer took place in I%6. As history of technological innovation amply docu- 
ments, technology transfer and innovations usually happen^wheft several people c 
in an organization* or even far apart, exposed to various ideas in their own spheres 
of the operation tend \6 converge on ;the same idea or development. As it is also 
well known* innovation needs a champion during its early infancy stages. For 
•exaniple. the Applications Division svas established in the office of R&D at 
the direction of the "boss", a Rear Admiral who was at that time Deputy Com- 
mander for Acquisition where R&D is located. ^ 

l'he'RD1&K liaison effort'at the' field level, on Figure l-I, is something for 
which I have to take the Name. During'the R&D' Utilization era we were ccn- 
ccrnetl svith the vertical tlow of information that came in from our Laboratory, and 
getting it into the ConimiuHrs business. The mainstream of NAVFAC's business " 
is writing specifications for proeureriicnt of various items that are constructed or 
manufactured. R&D utijizatiori activity was essentially confined in the Headquar- 
ters. More than three-fourths of the engineers in the NAVFAC organization are 
located in the Field Divisions.- i.e., Philadelphia, Norfolk. Charleston, San 
Bruno, and Pearl Harbor. It. was apparent that. the organization was literally ^ut 
out of the process of introducing new technology." A new technology or idea had 
to go from the laboratory to the Washington level, and from the Washington level 
it had tCrbe promulgated out to die field. We all know that it is the man in the held 
w ho feels the pain of unsolved'technical problems and has the nced^o implement 
an innovative and promising solution. U is not so for the bureaucrat in Washington 
w ho for many good reasons acts as a stabilizing agent in promulgating and main- 
taining policies. Through the establishment of the RDT&E IJaison Officer, at 
each -one of our Fiejd Divisions, we felt that sve would by-pass some of the 
inevifable though unconscious barriers that the Washington HcjidquaHers interpose. 
In.brief. wc fc.: that >ince we op-, 'i*e mainly as a decentrali/ed organization, why 
not let ihc R&D-prt'.gram planning and utilization go somewhat decentralized. 
Other advantages that the R&D Liaison Program had over the old Utilization 
Division svcre: (a) fostering a mechanism of intcr-field division transfer of innova- 
tive solutions gener.itcd in the field, and (b) eliminating Headquarters jealousy as 
to who should be in charge of the utilization business. R&D or. Engineering. 

. In I%7 one of our Assistant Commanders became quite sensitive to the prob- 
lem of unused technology and directed our Laboratory to undertake a conscious 
elTori to dct»:rmine to what extent technical reports were being utilized. The 
Laboratory lurned ti^ the Naval Postgraduate School in the 1967-1969 period. 
Most ohhe Postgraduate School effort did not start however until 1970. Again to 
use a phrase that has. appeared in the literaiL.re '"every invention needs a cham- 
pion]'. In the Navy you need aggressive and innovative people to champion new 
ideas and approaches. Around 1970 we were fortunate enough to have such a 
person in the Assistant Commander for Research and Devciopment. He felt that 
wc; should ijiitiate a ''research on research** effort at the Naval Poslgracjuate 
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School ilircclcil lowaiils NAVIv\CN needs, In 1071, the now Commfinding 
OlTieerDrihc Naval Civil llngineering Laboratory noiieetl thai while we hrtd made 
provisions lo deal with this transfer problem in Headquarters 'and at^ifhe Field 
activities, m his own laboratory he could not find a focal point/ As u resjili, he 
established the Field F.ngineering Support Office (FHSO) \vhose sole purpose was 
lo see that llic customers in the (leld were satisfied and got the infi/rmation Ihey 
requesied in a timely nnmner. This focal point in CKL now seVvesusa ^'linker*' or 
a "gatekeeper". (Gene Harly, who has headed that office, will elaborate on this in 
another paper.) Since answering questions docs take time, and the mode of in- 
dustrial funding of Navy laborati)rics docs not allow a man to take time from his 
assigned task> unless he has something to charge that time against, it became 
evident that specific resources available at the Laboratory to make quick advice 
possible had to be increased. The earmarked RDT&F. Assistance fuad was then 
doubled. 

In 1972, and again in 1974, we pulled together the entire NAVFAC community 
of pcojilc working on technology transfer, i.e.. Civil Engineering Laboratory 
personnel, the RDT&K Liaison Officers from our Field Divisions, Headquarters 
pcrsi)nncl, and tWc Naval Postgraduate researchers. We held workshops exchang- 
ing views, cxpcrieivccs and frustrations. 

This is a thumbnail sketch of why and how we got where wc arc today. 

0 ' 

' . " c . • 

The Postgraduate School Studies 

Figure 1-2 shows the studies that have hcOn carried out by the Naval Fosi- 
gradualc School (NFS). In my talk this morning, I will concentrate on the work 
done on the two particuliu' studies which we feel are reallv the mainstream of the 
NFS'=>work. These are: FNHANCFMFNT OF RF,SFARCH AND DE- 
VFLOFMf^.N'r OUTPUT UTILIZATION KFFJCIFNCIES: LINKER 
CONCEin- METHODOLOGY IN THE TECHNOLOGY TRANSFER 
PROCE,SS. bv J. W. Creiuhton, J. A Jolly, S.. A, Denning, 30 ,lune 1972 and 
TECHNOLOGY TRANSFER AND UTILI/AriON METHODOLOGY; 
FURTHER ANALYSIS OF THE LINKER CONCEPT, by J, A. Jolly, J. W. 
Creighton, 30 June 1974, We went to NPS.for this work because it became 
apparent ihat our prior approaches to technology transfer problems lacked the 
>kill of the kind of people who are trained in- behavioral science. By seeking the 
assistance of the School of Operations Research and Administrative Science at 
the Navnl Pusigraduatc School, we would get the people whose background and 
iraining^would allow them to attack our problem fronv a point of view- slightly 
dillcrent from that of the typical "phvsical science"' oriented engineer. Further 
we reasoned that since these people were essentially in an in-house Navy 
graduate school, with familiarity lif the Navy system, we could get more for our 
money. I hcy, more than any other faculty, migjjt have a beircrfeeling for the kind 
of organization and the kind*:of person we have in the Navy Department. Yet 
another reason for going to the Naval Postgraduate School was the tact that the 
Navy sends several hundred * Nayal officers (not only Civil Engineer Corps) 
through this school every year, and the mere expo^^ure of these graduate student 
officers lo the problems and concepts of technology transfer wouiif have a rapidly- 
multiplying beneficial effect when they would return to tl»^* Llecl. Washington or 
other field activities throughout the Navy. As we look at our results. Lam person- 
ally inclined to^feel that the exposure of several hundiv;d officers a year to 
technology transfer topics, issues, readings, and projects lias scnsiti/cd these 
people to this particular issue. If nothing else comes from this research, this 
training value alone will bring payoff to the Navy in the years to come in ways that 
we mav never he able lo trace. Last, but not least, doinu business with NPS is 

■ 10 ..^ 



houmi to hiivc t)ci)cli!s resulting Troni the accunuilaiion or stuilie>. The result is 
the Jevclnpnient ol an in-house Navy eaiire of expertise in this area. 



UTILIZATION OF CEL TECHNICAL R£. 
PO^rS, Nnval Poslgractuato School, 1969. 
DISTRIBUTION OF CEL TECHNICAL RE* 
POHTS, Naval Postgraduate School. 1970 
ENHANCEMtNT'OF RESEARCH AND DE* 
y/ELOPMENT OUTPUT UTILIZATION EF> 
FICIENQIES: LINKER CONCEPT 
METHODOLOGY IN THE TECHNOLOGY 
TRANSFER PROCESS, Naval Post- 
graduate School. NPS-55CF72061 A, June 
1972 (AD 756'694) 

FESO PROJECT EFFECTIVENESS PRO- 
FILE. SUMMARY AND ANALYSIS OF 1972 
QUESTIONNAIRE RESULTS, October 1973 
TECHNOLOGY TRANSFER AND UTILIZA- 
TION METHODOLOGY: / FURTHER 
ANALYSIS OF THE LINKER CONCEPT. 
Naval Postgraduate School, NPS- 
55J074061, June 1974 (AD A003-867) 



6. FESO PROJECT EFFECTIVENESS PRO- 
FILE: SUMMARY AND ANALYSIS OF 1973 
QUESTIONNAIRE RESULTS, September 
1974 : 

7. INVESTIGATION OF INSTfTUTIONAL AND 
BEHAVIORAL BARRIERS TO TECHNOL- 
OGY FLOW AND UTILIZATION, December 
1974 

8. AN EVALUATION OF' THE EFFECTIVE- 
NESS OF A RESEARCH ORGANIZATION'S 
MECHANISM FOR TRANSFERRING 
TECHNICAL INFORMATION TO APPLIED 
END USE. Naval Postgraduate School, 
55J074121 . December 1974 (AD A003-501) 

9. THE POWER LINE DISTURBANCE 
MONITOR: A CASE STUDY OF THE 
NAVrS CONTINUING EFFORTS IN THE 
FIELD OF TECHNOLOGY TRANSFER. 
Naval Postgraduate School. NPS 
55J075031 



FlKiire 1-2 NAVFAC l irhnoloKy Tninslur Studies by the Naval PostKraduate School 



Having piovitleJ the baekyrounil histor\ 1)1' NAVFAC's involvement, now 
lei's look at the results ol'our studies. Technology transfer takes place when there 
is a source, a transfer mechanism of some sort, and utilization ol'the knowledge 
H'iiiure 1-3). The process may he quite comp'ex but in the simplest sense this is 
what we are talking ahout. I would like lo poi» t out that this model. Figure 1-3, is 
essentially true whether we are talking about ine vei'tical How of technology, 
from a laboratory to a given application, in a given discipline, or the hori/ontal 
iransl'er t>riechnology, as from one industry or activity to another. In all cases the 
source must emit a signal which the user must then receive and respond to it. It 
can then he said that technoloiiv transler hVs occurred. 



Source ol. 
Knowledgo 
(Suppliar) 



Transfer Mecharnsm 



Utilization 
of Knowledge 
(User Receiver) 



Figure 1-3 A Simple Technoh)j»y Transfer Model 

I he •linker" model was developed by Prot'essors Jolly and Creighlon and 
l/l*JG S. A. Denning, who was then a student. The elements in the linker model 
are shown in Figure 1-4. The model essentially says that all of these factors alVett 
the transfer mechanism. Now. if we knew.how and how much Ihcse faclors 
affected the tran>fer mechanism in a given organizational siuiation. we could 
modify ihem by direct management action based on fact rather than intuition' or 
guess. Needless to say. quantifying this ptU'licular model has not been done. It is a- 
lough job to do, and whether it will ever be done is questionabte. In any case, this 
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miulol SCI VON ;is Tvcrv usctVit conccpiiiiil rnimewoikarouiul which we can or* 
giini/conrlhuikingiiiKl approaches 10 the problem. I wouki like to hrictly Ucscrihc 
ibe elements of this nuulcL 



fOR^^AL FACTORS 




Method of Information 
Documentation 



The Distribution System 



INFORMAL FACTORS 



Capni(?ily of the Receiver 



Informal Linkers in' the 
Receiving Organization 



Credibility as Viewed by 
the Receiver 



Perceived Reward to the 
Receiver 



DOCU 



^t)tST 



Formal Organization ofjhb ORGA 
User * ' y"" 



Selecjliorr Process for Projects . ppQJ 
(Vigors' Contrrbution) - 



CAPA - 



LINK 



CRED - 



REWAh 



_ Willingness to be helped ^ WILl|- 




FIGURE 1-4 The Information Ljinker Modd 



DiH iimvnwuon is a factor in the t.iinster of technology. Very simply we are 
talking about the format, the organization, the language. Does the; iahora^ory 
writ*: a report that can only be understood by people in another similaV laboratory, 
or does it write a report that c^mt^be understood by a practicing enginepr? 

nfsrrihiiiion deals- witli the physical channels used to distribute the 
intoimation— the entry, the c:.it, the plan, redundancy. This is perhaps the ea|ji^^st 
to measure or appraise. . . 

^ Ori:(ini:,a!it>n plays a very m^ortant pai t in determining how the technology is 
goinglo get transferred, if at ill. The power structure, the nature of the business, 
the management style, resoutces» attitudes, bureaucratic tendencies, and state of 
equilibrium. These kinds of tilings need to he measured or appraised^ if we are to 
quantify this^iactor called organization, obviously the prospects for success are 
difficult. . 
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' \ Pri\jvi-t sclccfiofu This Taclor concerns who iniliales the project, who approves, 
' who aiithori/cs, who nuvnitors, and who is consulted about the project. Project 
selection is very critical in the ultimate utilization ot* research. One'tends to utilize 
that which he helps develop. 

Professor Jolly has seen fit to divi3e these factors into formal and informal as 
shown in Figure 1-5. Formal factors are things we can lay our hands on, the kinds 
of things we can operate on fairly directly. They are really system oriented.- The 
informal factors are highly behavioral and sociological and therefore quite tough 
to handle. This is perhaps one of the reasons why the Federal Government has 
concerned itself mainly with lormal documentation, storage, and distribution as- 
sistance/like the Defense Documentation Center and hasjgnored the informal 
factors. This observation, I believe, was made by Samuel Doctors in his 1969 
book /The" Role of Federal Agencies in Technology Transfer". It would seem 
that if reports ami papers were available on the desks of the engineers and scien- 
tists, technology would be transferred. This is not the case. We m.ust recognize ■ 




FORMAL FACTORS 

Procedures for dissemination of storage, 
indexing and retrieval of knowledge. 



INFORMAL FACTORS ; 

Interpersonal, comrnunications and; con- 
tacts, personal beliefs and feelings about a 
knowledge source, perceptions about one's 
organization, supervisors and pe.ers. 



Utilization 
of Knowledge 
(User/Receiver 
Organization) 



FIGURE 1-5 Knowledge,,flo\v enhancement factors divided according to formal vs 
V" /\. informal. 

/'that the problem has two dimensions^ One that isTairly manageable is the question 
of storage and distribution of technical information through various information 
■ systems^ It issi relatively straight forwartl'problemv'fiowevei' complex. The , sec- 
; ond dimension is' the -set of items called '*inforrriiil factors'', which deals with 
; ^perceptions, it gets quite a bit more complicated when trying to manage such aset *" 
of factors because, its science base is primarily behavioral I'ather than phyijical. 
Let\s now look at these *,;informar' factors. > .: 

Capaciiy refers to characteristics of individual.s in.the user orgahiz'ation that are 
described -by terms like venturesorheness, wealth, power, education, experience, 
age, self-confiden'te.;e'lc;«Obvibusly these characteristics.are vague ^ind difficult to 
T translate i'nto quanlinable..variables for analysis or design .purposes. Yet they^are-:^ 
vary important in the transfer process. " ^ ^ . 

The linkrr is es.sent'ially the individual or group of individuals{whb does exactly 
.what the-term implies. Iris prt)bably,1he single tnost Jippi^flant factor. They link 
the soLircp.and the appjitatipn. Linker" is a 'tcrnr that Professors Creighton and. ^. 
Jolly use in their 'research. The literature.sh:6ws other somewhat similar terms in 
• tise by various other research teams. ' • : . . • 



7 



:\Cn'tlihiliiy oT ihc source is ohvioiisly an csscniiiiMiicior. Certainly if ihc 
'•wdiikl-he." user does nol helieye the niessage he isgeiiiny. he will rejeci ii. The' 
informaiion thai is heing iranslerreJ must therefore emanate from a source that is 
at least credible aceorJnig tu the perception of the recipient or the' potential user. 

. Thc rrwiinls (and penalties) for the conseqiiences of applying technology that is 

r**ne\v'**- to the receiving organization, imposed hy managemeni arc crucial. 
Namely, ifa iiian is to get penalized more than rewarded, he will most certainly he 
disinclined to-iniport a new piece of technology Ideii, or approach that which is 
;'untried-' \vithin his particular organization. ■ 

W'illinijin'ss simply is the fact that a man who is goiiigto make use ofa piece of 
technical information ni\ist be w^illing to receive the message ;ind must he willing 

*lo inipiement It. It iv that simple, and that s-uHjective. Obviously a numbcr'of 
things coulil alTect a nian's willingness. 

y- Of all the elements in. the linker model.. the linker c\cmc\n was chosen for study 
because it seemed to focus on people most du'cctly. From other similar research 
reported in the literature, it was established that the human factor is probably the 
most important element in technology transfer. 

; 1hc linker is associated with the source, or with the user, or he could be 
somewlicre in betweeiT. or linkers could bo at both ends (see Figure 1-6). Profes- 
sors Creighton and Jolly (and the literature) are inclined to feel that the linker is 
more appropriately a member of the user team. I tend to place the linker in the 
^ middle because he is not -an individual, he is the synergistic effect of all the people 
in the comniunicaiing chain, from transmitter luj-eceiver. All of these people in 




FIGURK 1-6 Linker Positions in the Flow ol Knowledge 



ihcir rcspccuvc coniacis niiisi link. I'JnkMLiciK-curs when huiluiil exciiniion be- 
iwcLMi (WO iiullv iiliials occurs hccaiisc I heir vuhies nialeh at least fur ihe.partieiilai: 
(eehnulogy iransfer event, liuleetl if the linker-is at the user eiul iintl he enjoys the 
eonlidenee of the would-bti using team, he can operate internally in the organiza- 
tion lo gel the idea implemented or used. . 

.At the beginning when 1 spoke ot* the chronology ofNAVFAC's technology 
transfer efforis. I mentioned the establishnieni of the Field Engineering .Support 
Oflice (FESO). in the Civil Hngin.eering Laboratory. This was a conscious, bu- 
reaiicraril: act to establish a visible, a'nd at least a formal, linker at the Laboratory 
or the source. The establishiTient of Ljaison Oflrcers at the. Enginecring"Field 
Divisions was similarly a conscious act lo formally designate linkers at the Field 
^Divisions, th'e iiser organizations. Whether these people are in fact effective 
linkers as the literature described linkeijS is a different matter: we don't know. 
Conceivably we could study them. The! point is that/these formally designated 
linker jobs were not n.ecessarily filled wit h "linker type" people. The qualities of 
the linker are listed oh Figure 1-7. At the lime these jobs were lilled there were 
very few. essentially intuitive., criieria inljudging the poiential linker attributes of 
the individuals selected for the Liaison ;|md FESO positions. You all know the 
typical recruitment process we go through in the government. Fiuthermore. in 
filling these jobs, selection was limited iij) available people. In some cases there 
was no 'selection in terms of individuals, lyii rather only in terms of organizational 
convenience. In any case it is difficult to select people who will link. If you 
sifcceed. it is an accident a.s much as it i?l tlesii:n. 



INNOVATIVE. WILLING TO ACCEPT 
RISK. ACTIVE IN MULTI-DISCIPLINES, 
MORE INFORMATION CONTACTS. 
.HIGH CREDIBILITY WITH PEERS. 
COSMOPOLITE-, ORIENTED TOWARDS 
OUTSIDE INFORMATION SOURCES. 



FIGURK 1-7 AtlriHute.s of Linkers 



GREAT MAN (GLOCK AND MENZEL 
. 1958) 

SCIENTIFIC TROUBADOR (MENZEL 
1964. HODGES AND NELSON t965) 

(NT'ERNAL consultant (ALLEN et al 
^1968) 

TECHNOLOGICAL GATE KEEPER 

(ALLEN 1966) 
OPINION LEADER (LAZAPSFELD 1948, 

KATZ 1957) 



FIGURE 1^8 Writings on Aspects of 
the Linker Concept 



The.l inker concept is nut paiuicularly oijiginal in that many authors have. in. a 
sense, touched upon the notion ofthe linker fiioni time to lime in their works {see 
l;jiauv I~S). What is new in the work done ai the* Naval Postgraduate .School is 
thai all these terms' and delinilions are rec'^itini/ed as subsets within a universal 
linker set. . , >.u - j . . ^ ^ 

In iM'der lo gel on with the job of approaching quani'ificaiion ol'the linker model, 
it was decided lo survey lirst the Navyjs officer sector in Charge oflS A VFAC and 
its hield acti \ ities. I' his was done using 'a questionnaire (Appendix A) designed lo 
measure, whether a person in a given siliia*tion would he. ijiclined to function as a 
linker or the opposite, a siahili/er. Woiiltl he he innovative? Woijld hel^e prone lo 
accept the risks that would go wkh the iiccL^hiance and application of a ne.w idea? 
Would h.e he afteri^on with ;i high, numberlof sources of information ai his dis- 
pi^snl? Wonlii he he acquainted in niany areas?' We^ euiMld not go aroimd and , 
imer\;iew 1.700 people, so we !iad to design'a fairly clever questionnaire. The 
answer to any one question does r.ot indicati^ that a man is a linker or a stabilj/.er. 



It is the answers lo a number of questions and combinations of questions that 
would cause us to categorize one man a linker, and another man a stabilizer. 
Initially we tried to determine who lihe linkers and stabilizes were among the 
Civil Engineer Corps, Officers.* After seeing the distributions of the results, we 
wondered what the distribution of linkers versus stabilizers would be for civilians 
ClS-S and-above. The results are^shown in Figures. 1-9. I-I()A and l-IOB. On the 
basis of the questionnaires and distributions between officers and civilians on the 
linker-siabilizer, scale', we cannot say that civilians are more prone to be linkers 
' than officers or the other way arountl. 



1972 172G NAVAL OFFICERS 
(CIVIL ENGINEER CORPS ONLY)- . ^ 

. (65% RESPONSE) . . ' V 

1973 2954/4464 GS^8 to GS-1 6 NAVFAC 
CIVILIANS-(54% RESPONSE) 

.... NOT POSSIBLE TO DISTINGUISH 
BETWEEN THE TWO POPULA- 
TIONS (CLASSEN 1973) 
THE LINKER-STABILIZER 'BE- 
HAVIOR CHARACTERISTIC HAS A 
GENERAL BASE IN TERMS OF 
TECHNICALLY -TRAINED PER- ' . 
SONNEL AND IS NOT UNIQUE TO 
A SELECT POPULATION ^ - 

FIGURE 1-9 The Officers and Civilians Participating in the Linker- 
Stabilizer Survey 



• An examination of the data-rVom these questionnaires reveals three questions 
the answers to whieh suggest that in sonie' \vay."i Naval Officers and '.'civilians 
behave somewhat ditrerenily ( Figure i~! !). Naval officers seenrto atti*'".0 !'. wer 
f)rofessional mi^etings anti one can perhaps untle-rstand that because theiv »• ■'•- Jity 
prevents their becoming established. They ilepenti heavily on literature, i vif in- 
stance, when you are. in charge of construction contract.s one day, the next day 
•you move into a design division, and two years later you' move into a staff posi- 
tion, you are changing quite rapidly. Following, literature riither than the profes- 
sionahcomnumity contacts becomes more logical and -easier. On the other hand 
the civilian is'more inclined to use his personal experiCMice. The civilian tends to 
stay for a number of years, provides continuity in the organization imd can draw 
from the'problems he had several years ago in de.veloping answers to new situa- 
tions. Figure i-li'shows that civiliips tend to center interests with their^fellow 
workers whereas officers, more often center interests witH^ people doing simiiar 
work. ' ' . 4 . 

I can only urge the interested reader to obtain a dopy of the ihesij; and see the 
extent to which results oFthat work. could' be applied to your organization. It is 
emphatically stated that we did riot do this survey or cross section in order that 
•officers and civilians would be labeled as linkers or stabilizers and then keep them 
in or out of certain jobs. Although "we know who the linkers and the stabilizers 
are. we do not kno.w how td'integratc tjiat information with all the other do's and 




"The C isil l-nyinecrint: Corps is conipriscil of Nitval .StalV (Uriceis primarily re;^ponsibIc/or the 
conM ruction ami maintenance of Nnval Shore Kacililies worlilAviJe. 




STABILIZERS 



LINKERS 



- POr I NON-DISCRIMINATING I POT 

stabilizers! , MAJORITY | LINKERS 

183S 32 - 0 93? 3a X 43 518 • 0 93S 49 ■ 1 83'S 56 ^ 

• . . S 6340 ■ 

Figure l-lOB A distribution of the scores of the Naval Officer Civil Engineers 
in response to the questionnaire which- was intended to measure the magnitude 
of their Stabilizer-Linker traits. ^ 

don'ls otjoh sclcc^/ion. 1 wiinl lo make it very clear that we have no designs at this 
lime U) siari shitting people around because ihey arc linkers;^ or stabilizers. The 
nature of the data is e\pei*iniental aiid complex problems arise in satisfying per-, 
sonnel and organizational goals,. Theiv is no basis to even- suggest personnel 
reassignment at this time-— perhaps in the fuiure when oiir total study is completed 

>ijul accepted by management as a basis^for selection. 

1 have rearranged the basic linker model ( figure 1-12), to facilftate -my telling 

•you whut we. have done. in NAVFAC to promote technology ti'ansfer;, ' 
I. Sc/c( ii()j.i:j\llf)n>iii is — wc' have stepped. up oin* ellbrts to make irse of our 
Field Liaison RDTc^H people in letting us know in t-ieadquai'ters what the 



PFFICERS BEHAVEOIFFERENTLY FROM CIVILIANS BY: 

ATTENDING FEWER PROFESSIONAL MEETINGS 
• ■ DEPEND MORE HEAVILY ON LITERATURE 
CENTERING INTERESTS WITH PEOPLE DOING SIMILAR WORK ' 

CIVILIANS BEHAVE DIFFERENTLY FROM OFFICERS BY: 
ATTENDING MORE PROFESSIONAL MEETINGS 
' USING PERSONAL EXPERIENCE MORE OFTEN 

CENTERING INTERESTS WITH FELLOW WORKERS ^ 

■ ■ 

FIGURE i-n 

'Characteristics that are differ^ent between Naval Officer Civil En- 
j»ineer.s 'and Government. Service Employee Ci.yil Engineers 
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.:• (SOURCE ORIENTED) 

• SELECTION OF PROJECT 

- • INFORMATION DOCUMENTATION 

• . INFORMATION DISTRIBUTION 

• TECHNICAL CREDIBILITY 

• LINKER (SOURCE AND/OR USER) 
■ . ■ (USER ORIENTED) . 

• FORMAL ORGANIZATION 
^ ■■^ ■ ■ • TECHNICAL capacity; 

• REWARD/PENALTY 

.s WILLINGNESS TO RECEIVE 




FICa'RK 1-12 Activities Applied to the Basic Linker Model 

'f ' 

* . . * . ■ « 

lick! pcrcciVLHl R^D ncctK ;irc. iiiul vvfiai rosc.irch projccis ihoy want 

ruiulcd, • • ■ " ■ 

*2. I n fornnitioii (/ttcunicnidiion—ln ;uklilion lo icchnical rcporis I he laboraiory 

.mnv puis out scvcnil iKkiilioiKii lypcs of puNicalions lhal are rcaJahJc aiul 

more responsive lo' ihe non-research praetidni: engineer anil niainicnanee 

pe^'sonnel. These are^one or i\vo page briet's of signilieani leehnieal ae- 

etiiViplijvixirenis (Teeh IDaia Sheets) iinil periodic siaius reporiini: of work 

si ill in pioLrrevi>s.- ( R AP Briefs). A Isd/pJcio rial -graphic' brochures are nun*£ 

witlely Used. CTniiniunicaiion a\varehr:ss seems lo be sprciUiing among re- 

" searchers luul m'anagemeni- ai- lasi I ■ 

3, ■ t}iion)u{tii)ii f//\//:/7?////'f^//,-^Disiribuiion lisls lend lo go ou.l of dale c|uhe 

i-apidly and niusijie coi,sianily niainiained. An orgam/aiion can be saiu-- 
ruled wiih a joi iW liieraiure thai is iloi needed for iis pariicukir- mission. 
Hconomi/ing by avoith'ng ihe line luning of disiribuiion lisls for specilic 
lechnological ouipiii 'lends lo prevent elTeciive tlisiribuiion.' Aiiempling lo 
keep disiribuiion lists up to dale is a coniinuing job. Disiribuiion is also 
tlirecletl lb huiividuals and noi merely lo;*Mesks ' 

4, I'i'cliiiicdl (V'rt///?/7(Vv— Franklv.^>\ve do nbl have^i very good way of knowing 
w hciliei receni leclinology irai'isfer acliviiLes have 5;aused ihe leehnicnl cred- 
ibiliiy of bur laboraibry. as perceivetl by ihe .man in ihe field. . lo go up or 
tlown. I couki speculaie and say. **yes. I ihink ii has gone up.**'VVhen I do 
ihis I am noi being irue lo empiricism and ihe purpose of having NP.S do 

' research on our research. We wani lo generate a certain amount ofhard cl'ita 
in order that management can get a better understanding of our parircular 
technology tiansfer processes as a b;\sis for pofiicy and action; Without 
credible facts, neither Headquarters nor laboratory maiTagemeni can lake 
iiction lowartis greater user credibilityof the laboratoryi^ Perhaps we.neecl a 
. .. survcv of opinions. from time to-tinie to irack'credibility of the laboratory. 
P mentioned'the y/z/Arrv at some length. \Ve have diMie studies with the iissisi- 
-;nice of the Naval Postgraduate School to iry to improve our understanding of oui*„ 



"..13 



t()rnHtl \)r\l(ini:tttlon uiul to tlclcrminc whether it impctle's or enhances the flow of 
technology. In rcgarils to"fhe tcciuiical Cit/'utcity of our oryani/ation to make 
effect iveiise of our laboratory generatetl technology. I tlo not think we have tiata 
as of now to tell you that we tio or tlo not have it. Spme of the future studies by 
NPS will hopefully be dir.octeti towards a measure of technical capacity as delined 
earlier. Again, intuitively. 1 believe o.v'er the years the output of CHI. has become 
tunell to the technical capacity of NAVhAC. bijt again this can be. contested. 

1. /^cMi7//-(//7'('/u///v— T he leward and penalty associateil with introducing new 
tec-hnology. However important, has not been studied, rreasured or assessed 
in our organization. Again, intuitively, it appears to me that there is more 
concern over the consequences and probabilities of failure (however low) 
than over the consequences of success (however high). 

2. IVillifii^nt'ss ti> receive — We have made it possible for anyone wh0{ needs 
technology information to be physically able t:v) receive it. Means exist, i.e.. 
money itnd tclephrnL-s. for a man in need anywhere in our organization to 
consult the en:j;inecr or scientist at the laboratory. We. atJeast in the R&D 
shop, cannot however, induce his desire to do so. The RSlD organization at 

- iTie'NaVr.r facilities -Gomni;uidJica^^^^ c;m only make technology 

jvvailable. It ciinnot induce the desire of a lield eiigmeeTlli make-u^^l^t4ae. 
icchnology. The previously mentioned factor ''Reward/Penalty" has much 
to do. with tlic willingness to receive: . 
hrclosing. let me just say-that. our.efforts are continuing and we hope that in the 
years to conic we can develop some significant body. of hard data that can serve as 
a concrete basi.s for riianagement selection to improve the technology transfer 
environment throughout. Also we hope that our research results can be of value to 
other government.ard industrial organizations. 



References ^. . 

.'\flcn. v. .1.. "MahiiLiiiii: .u* l lou of Scicntitic .nul Tcchiiotoyical InriMriiulinn". !*h.l). Jisscrlaliun. 
Allen. T. J. ;tfiil S I. l ii.hcn. •*hirorniatii»ii Mow iiv Kcscaivli ami l3o\clitpnicnl l.ahi)raloiics**; 

CrcitLhlon. .1, W.. .1. .A. JiiHy and S. 'A. Dciiiiint:. "I-Jiluinccincnl nf .Koscarcli and IDc\dt)pnicoJ 
but put L'iili/alii)ri l-;t(icicncics: Linker ConccplMcUvcKtoloiiv in I lie reehnnloyy Transfer I'roe.- ■ 
ess*-. Mi)meR-\. Calif.: Naval IMst-radiiate Sehool." NPS-.S.^C'r7:t)f)l A, Jiiiie l'i7:(Ai:) 7.^f>-/i.a4 ),.. 

' * " ■ • . . ■»v'''i p'.. 

Doetois. Saoniel I.. Tlic Htflr ftj ^luiU'nil A<^cnt u ^ itt Ir: hutUr^s' Innwicr. Canibfjiliie-: NI.M-^ 
Press. 1%*) . ' ^ - 

|-Is(er. K, S, aoil J. W. ( leiyhlon. *• Uiili/aliiMi ofC I-l. Tet'hnieal Reports". Mooiercy.-C alii".: .Naval 
l\»sivradiiaie ScIiditK J^^O^). . ■ 

I'Isier. R. .S. anvl J. cighu,<n. •.I)islrihiiiii'|i i)f.( T.I. Technieal KepiMls".-M(M)lj:iey. 

Na\al Pt»stjL»raduate-;S\ilun)l. 1^71). - ' • : ^ *Y 

Ciloek. (t . and \\. ilic f inn ttj hiftmntitiiHi AnitH?-^ Srivntists: Pnthlcnis, Opiutnunitivs amlj 

Rrscnn iFQin hinn^. Npw > iwk; CDliirnHia I'niv.. Www Af^pl. Soeial Kes.. !y5s. v 

IfenilrieksDnv-'y. arid W. G. l isher. .Ir.. "An Kvaliial Ion -'of ihe HtTeetiveness of ;i. Keseareh 
* C)ri!ani/al ion's Mechanism for Iransferrini: 'reelinieal- 1 nfornjalion itvApplied tiid I'se". NKmi- 
lerey. Calif,:^ Naval Posiiiradiraie School. 55.1o74i:i. Deeeoiher (Al) A()n3-50|). 

Uodiie. D. M, and Ci, H. NeKon. "nioln^ieal .l-ahoraiories C oniniiiiiiealion". l-ort Oeirick. I red- 
crick. Md;: I'.S. Arnr Miologrcal !.ahs. Tech. Inform. Dis.. \,\ 

Jolly. J. A. and J, \V. Crcighioo. ••|-ES() Projccl r-JTeciivcncss Profile. Sumn)aryand Analystsof 1972 
.'Questionnaire ResiilCs". Mi^njcrey. Citlif.: N;ival Postgradiiute School. Oci. 73. ^. 

.loliv. .1, .A. ami J. W. Crciiihlon. -Technoli^iiy Transfer anil Ulili/alioo .MeiliodolOiiy: hinibcr 
" Analysis of ihe Linker^ Concept". Monterev.- C alif.: Nuval Postgraduate School. NPS-. 
55Jo7406l.. June 1974 (AD A(K)3,^S67) ' ■. 

Jolly.. r A. ami J, W. ('remluon. •'l-LiSO Pro.jcc't KVlVxtiNencss Prolile: Strnirnary and .Analysis of 1973 
Otiesiionnaire Results**. .\1onlcre\. C alii' :'.Nrual Po'.smradua'te Sthool. Scpiernbei- IW, 



K;i(/, I .. "I he- I Sicp Mow »iC ( ■oniimniicatinn** i*iihi. Opinum Quan. 21. V>fu . 

Kiiiipp. I), .iiul I) Paitisl). ' ln\csni;;itK)ti ol* Instill. lioriiil mul'ik'havioiial HariiLTs to Technology 
Mow aiul lUili/iitton*'. Monterey. Calif.: Nav;^j Postgratluate School. December 1974. 

!.a/arsleUI, P. f-,. B. BereNon anJ H. CJamlet. I he rvoplc's C(h»icl\ lltnv the Voter Stakes Up His 
U/m///M/ /N<'N/(/('////t//C\//>//)(//i,'//. New ^'l)rk: Diiell. I94S 

\len/el, H;. " I'he Inlorniation Necil> of Current Sctenlilic Research", l.ihr." Quart, .^4. Jan 1964. 

renipest. I;.. H, ami I.. A, Van Roov. Jr.. "The Power l.ine-Dtsturbani/c Monitor: A Case Sludv of 
the Niiv\ *s Continiiinu I'llorts in the I iekl of lechnologv Transfer":. Monterev. Calif.: Naval ' 
Pom lirailuale School NI*S-.\Mo7>().M, ' * 



22 



15 



2. SUMMARY AND VALUE OF 
TECHNOLOGY TRANSFER 
PROGRAMS AT THE NAVAL 
FACILITIES ENGINEERING 
COMMAND 

K 

V V. M. Skrinak 

Commander, CEC, DSN. Assistant Commander for Re- 
search and Development, Naval Facilities Engineering 
Command Headquarters, Wasiiington, D.C. 



1 sec by the roster thai most ofyou are from the R&D community, I am new to 
the R&D lieici pnly having been involved for about a year now. I would like to 
submit to you that the people outside of the R&D community are doing a lot of 
complaining. 1 suggest if you stop and think about it a minute, it can be traced 
directly to technology transfer, because uniti ybu get that product into the hands 
of the field engineers and they can use it, they are incensed because you a . 
working on what you want to work on, not what the field sees as vital to their 
present needs — you are not working on their problems. So from an operator's 
standpoint this is what we have to overcome, and it is going to be a long time in 
overcoming, it will twke real effort. . . » ■ , ^ 

So with that I would like to summarize what you have heard this morning. First 
of all, 1 think the threa^hiit ties this all together was Milon Essoglou's pitch on 
the Linker Study. What is the methodology — the mechanism— whereby we can 
transfer our technology? I think this is very important and 1. will refer back to it 
agai.n and again as it is the cornerstone, the building block, on which we-havejo 
evaluate technology transfer. Also as you have heard iii our past experience here, 
the RdT&E Liaison Engineers were set up before we had the linker study, but 
once we had the linker study we found out that very fortunately we had fallen into 
a number of good thing^. We. set up the Liaison Engineer so we would have a 
''gatekeeper''— one who would take in the technology to our Field Divisions and 
disseminate it to our engineers. We also had another purpose which we found very 
valuable, and that as he was collecting the problems and feeding them back to the 
laboratory, we got the field engineers to have a feeling of relevance, to R&D when 
we did work on their particular projects. We have that relationship which was 
referred to in the linker study. Early involvement in project selection is important. 
We then have these relationships with linker study and its analysis of technol- 
ogy transfer mechanisms. w " 

In RDT&E Assistance, we have a response to the field, and I refer back to thc' 
linker study. Until we can get credibility in the field and until they know we are 
working on theirfproblems, we are going to have a barrier to pur technology 
irjimsfer. RDT&E Assistance is one small part of that, where we can respond to 
the field's needs and try to get our crijdibility established again in their eyes with a 
resultant willingness on their part to more readily accept .S^&D technology coming 
out of our Laboratory. . 

The^ Techdata Sheets and RAP Briefs were alluded to!-.very brielly this 
morning — bui what we have done here is to try taget a ver,y high^impact and an 
immediate feedback to the fietd. One that hits you.between the eyes. You get it on 
a single sheet, not a report about 25 pages long with double^nd triple integrations 
which when the normal man In the field "looks at it says that s no good to me and 
throws it away. The bottom line on these reports may be of extreme value, be it 
corrosion studies, be it maintenance reduction, or whatever it is. We have Tech- 
data Sheets and RAP Briefs that are intended-to havie a high impact. Are you 
interested? If so. this has all the information you are looking for and who to call for 
more information. We are getting the distribution and the documentation to the 
.rfield in the best way we know at this time in order to get the maximum, amount of 
technology transfer. ; ' ^ • , 

These are the efforts t+ien that we have had in,the past (See F igure 2-1). What 
do We have right now (see Figure 2-2)? We had a complete analysis of our 
program — where is it payingK the cost benefits, in what categories, where are the 
most benefits coming from with regard to callers.-with regard to stations, with 
regard to geographical areas? So we have an analysis in this area to look at and 
possibly assist us in emphasizing our tec'^hnology transfer efforts tcv^improve its 
impact.,,. ' " c 7 ^ . 
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NAVFAC TECHNOLOGY TRANSfFER 

PAST 
LINKER STUDY 

RDT&E LIAISON ENGINEER (EFD) 
RDT&E ASSISTANCE 
, TECH DATA SHEETS 
RAPBRJEFS 

FIGURE 2-1 Listed here are the var- 
ious steps that have been taken to im- 
prove the NAVFAC Technology Trans- 
fer etTeetiveness. 



NAVFAC TECHNOLOGY TRANSFER 

PRESENT 

RDT&E ASSISTANCE PAYBACK 
FACILITATORS TO TECH 
TRANSFER 



FIGURE 2-2 The current work is di- 
rected toward determining the ROI of 
RDT&E Assistance and to study the 
Facilitators to Technology Transfer. 



1 pill facjliliilors in Figure 2-2 iis opposed lo barriers. You can put it any way 
you like.'M'his afternoon Dr. Jolly will be talking ybout a comparison of Navy 
organi/,ations with civilian organizations. Are there similarities? Are they differ- 
ent :ind if different\vhy? What we are looking at then is how can we compare 
ourselvcN with.civilian institutions and on-going efforts. 

I think the most iniportanl aspect then is what do we see coming out in Jhe 
future (Sec Figure 2-3). Again, as a spin-off from the technology transfer efforts 
of Professor Creighion and Professor Jolly, we have asked, and they have come 
up with, a course — a^short course. We are not talking about anything new. really, 
in this course. You all have applied the principles that were discussed this morn- ' 
ing on the. linker study, but it is a matter now of getting technology transfer for our 
technology. The only way we can get.it to the field is to get out there and let the 
people know what we are doing, what are the barriers, what are the facilitators of 
technology transfer, and try to open up some of the minds that are there in our 
Engineering Field Divisions and at Headquarters. 



NAVFAC TECHNOLOGY TRANSFER... 
FUTURE ; ^ ' " 

SHORT COURSE ON TECH TRANSFER 
ROI 

DEFINITION OF CLASSES OF SUCCESS 
STANDARDS OF ACCOMPLISHMENT 

FIGURK 2-3 Listed here are several of the projects that are planned for the future. 
.\s before the objective is to improve the, NAVFAC Technology Transfer effective- 
ness. , : - , - . 



Wc arc vcr> optimistic and hope that this vyill pay some dividends bacl<, but 
. again we liopc to have the first course shortly and get this information out to all of 
^our engineers and scientists. ^ , - 

Return on investment — this is dnder the gun more and more. What is your 
return on R&D? We would like very much to get a handle on^jiyil what we are 
^talking about here. Defmitions arc critical in this area. Two come to mind im- 
mcdiatelyjn evaluating return on ifivcstment — the definition of classes of success 
and standards of accomplishment. We can write a report and it might be a very 
good report and it might sit on that shelf for 10 years before it is needed. Well',' was 
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it succcssrurM.cl us Jclinc what we mciin by success. I think there are many 
diflerent categories here, so I think those have to be delinecl and classified. 

What should we be shooting for at the Civil Engineering Laboratory' in the way 
of technology transfer and our results? Not only that, but we have to define, as 
you saw in the linker study, two things/There is no way we can hold the Civil 
Engineering Laboratory responsible for what ultimately ends up as being trans- 
"ferred tolhe field. Why? Because there is another guy locked in the middle there. 
Now the laboratory can be responsible for what is source orienteO — they gener- 
ated it and that generates, if you wilT allow me to quote an author, ''opportunities 
to exploit", but then the users'of that must take those opportunities and actually 
put ihem to use. And I think here we have to define our terms so that v/e can look 
at the Laboratory and determine how they are doing and how others afe doing in 
exploiting opportunities. One of you may be doing well, or both may be doing well 
but we have to have a refined classification in order to evaluate our standards of 
accomplishment. 

Those are the areas then that 1 look for in our continued involvement with 
technology transfer. 
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Introduction 

Coni;rcss hns aulhorizctl the Dcparlmcnl of Dcrcnse (DOD).lo spend a re.cord 
$9.3 billion this yeiir on military research, development, test and evaluation 
1(RDT&E).;jtRclf:">l). Does this mean-that taxpayers are investing c;///y in research 
for an armj; face that :may ultimately ;tnd in nuclear holocaust? 
Not soSjn addition to providing lor a strong future national delensc a substan- 

—tial portion ofTiiiliiary reseai'ch and dcvelop'nTent expenditures arc-^quielly'financ- 
ingmew technology that will contribute to the progress ofc'ivilian society, perhaps 

, even ,lo its survival. \lilitar,y advances in areas such as medical research, en- 
vironmental protection, and air trafficcontrol, just to mention it rev<', are also 
products of defense RDT&.E spending and deserve equal billing as they \are, 
successfully transferred from military to civilian application in order to solve 
society's mounting pipblems. 

Criticism Levied at DOD R&D 

In recent years, critics have posed questions suc^ as: ""^Why. can't DOD de- 
velop a technology utilization program such as NASA did during the peak years 
of t he splfcc^p^^ 

even the entire world, from that progi'amr' 

Criticism of this natu»v is certainly legitimate imd was recognized by the Presi- 
dent when he stated, * . / 

'' As we face the new challenges- of the I97()'s we can draw upon a great 
. re-sCrvoir of scieniilic and technological'information and slvill — the results of 
- thjj^enormoiis investments which both the Federal Government and private 
- enterprise made in research and development in recent years . . . we must 
appreciate that the progress we seek requires a new partnership in science 
and technology — one which brings together the Federal Government, pri-f 
; vate enterprise, state and local "governments, and our universities and re- 
. search centers in a coordinated, cooperative effort to serve fhe national 
interest . (kef. 2). . - . - 

In response to the President's policy statement, several DOD R&D 
laboratories joined together in July 1971 to formlhc DOD Technolog-y Transfer 
Consortium, the purpose of- which is 'Mhe transfer of existing knowledge, 
facilities, or capabiliiles acquii'ed while working on military research and de- 
velopment projects, to .the solution of civil problems.'' (Ref. 3). Spurred by the 
" knowledge that iiiilitary research funds expended by DOD can also benefit other 
segment!^ of our society, the consortiiim has grown from eleven to thirty-one 
Army, Navy, and Air Force laboratories. (Ref. 4). In November, 1974, member- 
ship was extended to all government laboratories and the Federal Technology 
Transfer Consortiunr was formed. . . 

The Navy's;Teqhn'ology Transfer Program 

I The Navy, who^se^share of the fiscal year- 1975 DOD RDT&E budget totaled 
S3. 5 billion, has been a strong advocate of technology transfer for many years. 
There arc thirty-seven Navy-.activities involved in research and tlevelopment 
throughout the United Stales, eac!:i with a specilic research and devejopment 
mission. (Ref. 5). Because the NaVy-Nlarinc' Coi'ps team operates in all of the 
earth's environments — at sea, underwater, and on land— Navy laboratories have 
been responsible for the development of new ahdvadyanced technology in irnany i 
different areas of engineering and science. The Navy. has. traditionally been a 
close partner with university and commercial ocean-oriented reseiirch. anxl has ' 



always fell an ohiigalion to share its achievements with these other organizations. 
Con^iequenlly, the Navy was Ihc lirst military service to issue an implementing 
.instruction calling for an active technology transfer program within the Navy, and 
requiring tjie designation of a person as a contact for technology transfer in the 
various, laboratories and components of the Navy under the Naval Material 
Command/ The instruction also calls for an annual report of progress. (Ref. 6). 
; Although technology derived. fr.om^Navy RAD has.been applied successlully to^ 
a wide variety of civili^m problems since the inception of the technology transfer 
■program, the efforts of one Navy laboratory, in particular, have been an outstand- 
ing success. This paper wiJI describe their technology trahsler prograrri and trace 
t'he development of one product which is now available commercially anti is being 
used by more than 100 organizations and businesses, both in the public and 
private sectors, throughout the .United States and abroad. 

Nav/s Givil Engineering Laboratory 

The Navy's Civil Engineering Laboratory (CEL) located adjacent to the Pacific 
Ocean in Port Hueneme, California provides a stimulating background* for 
creativity ^and technological advances. Port Hueneme means ^'pleasant place'' 

• and it is not surprisj/jg that the location, just 60 miles^weslgf Los^AngeJe^s with its 
huge industrial co,mple"x, attracts the most qualified scientific and technical 
achievers. The work of* the laboratory covers a broad fieliJ of technology, "going; 
well beyond the .scope of civil engineering. The laboratory, operating on an annual 
budget. of $12 million, is the principal RDT&E center for shore and sea-floor, 
activities, and for the support ol'Navy and Marine Corps con.struction forces, The 
laboratory's workload includes programs in electronics, sanitary engineering and 
maihematics, as well as physics., cheniistry and allied sciences. 

The staff at CEL numbers appro^timately 3 jO, more than half of Whom are 
professional engineers and scientists. vMaster and Doctorate degrees outnumber 
Bachelor degi-ccs by more than three to one. The laboratory is headed by a 
military Oflicer-in-:Charge with^a soiidiengmeering background and a Technical 
Director who is a .^enior Civil Service scientist. The majority of the research 
personnel are Navy Civil Service employees. A job rotation program that allows 
the individual to .select his own special area of interest, an engineering-in-training 
program, and rapid advancement are features of thc,CE.L working environment. 
The comment of one scientist at CEL is indicative of the feelings of most of the 
laboratory's employees: this age\or;giant stride^ .ih"e. un.dersea Wo 

in nearly every branch;of indu^try,^the'thidl6n^ is the thinj^ that" ke'eps us alive' ; 
and a.vvake. IBe^iting^the^^ that gives'us real job satisfactiph. 

VVit.hoiit' it, hfe woiild be pretty dull. ' 

Technology Transfer at CEL ,' • : ' 

• CEL has actively promoted technology transfer for many years and is responsi- 
ble for a host of Navy R&D spin-off items that are benefiting society in the fields 
of environmcntar protection and energy conservation. New developments have 
found their way into the priviite sector and are stimulating corporate growth in a 
period when an economic stimulus is most welcom'e. CEL possesses , a wide 
variety of technical expertise. To further jndicate the divers.ity of ongoing work, 
the laboratory is involved in the establishment of polar bases on snow and sea ice, 
deep ocean systems, floating naval bases, waterfront structures, powentransient 
detection and. correction, even' a skull/brain injury computer program. The suc- 
cess of CEL's technology transfer is attributed to the organization's progressive 
iUtitude which is symbolized by the laboratory's motto— *Tmcl a way ... or make 
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Kccoiini/ini! Ilic importance ol icchnology inmslcr. in I^J72 the lahoratory cs- 
tahlishcd a lcchiu)K)gy iranslci' program.. M'hc ihcmc ol' lhc program CLMilcrLHl 
around ihc rolluwing commanil strtLMiiLMit: , - . . ' 

ImpkMiicntation of the results of succcssrul vyork units is perhaps the best* 
measure of the. Comntaturs success in' rulfilling mission requirements. We 
must therefore strive al all times Tor the increased utilization x)r our research' 
;• results hy the Department of Defense, the Navy, the Navy F':acilitics En- 
. gineering ('onimand» and'tiie entire scienliliO and technical community.- Wei 
must alsojiianage the utilization of technology on an ohjective and sy.stem- 
atic ha sis. • 

CI:L\ technology ulili/ation efforts uvre directed at all appropriate parts of the 
Navy and addressed its total mission and commitments'. Thathrust of t he program 
was-'lo close tlie gap /between CIr'L developed technology and aeeeptance and 
application by a witle spectrum of Navy users. It was apparent to CEL that if their 
created technology was going \o sell itself beyond Mie primary recipient, then a 
marketing plan was also an essential ingredient. ForcmosL, tlie program nuist be 
ii.ser oriented and involve people in both enils of the spectriun. '*CEL is going to 
push . . . we .nuist involve the user so he can help pull when we push.'* The 
command's formulated technology transfer program contained the following ele- 
ments: , 

1. ' identify underutilized C . developed technology. . • 

2. Identify new users and beneiits to be gained by them. . . . 

3. Select candidates for marketing. 

4. Assign internal CE.L responsibility by product. 

5. Develop background inlbrmalion. \ 

6. Approve/motlify marketing strategy. 

7. I^erforni an economic analysis. . ^ , 

S. Develop a marketing plan. ' . ,. . 

y. Market product (advertise). • . 

Evaluate progress. . 
I I. Publici/e success oi* recycle ifiiot successful. - • • 

■ " 

Recognizing the fact that increased utilization bl* technology was synonymous 
witii increased communication between' CHI. and/potential users, vai'ious forms 
ol'communicalion were evaluated and measured for effectiveness in achieving the 
program's ohjectives. After finalizing all aspects of the newly developed leehnol- 
"otiy^transfer program. CEI/s Assistant Officer-in-Charge concluded. V'Our utili- 
zation efforts -are experimental, Wq really don't know how to promote utilization 
nor does anyone else: We have son\e ideas that we'll try and we'll learn in the 
process. We're talking about promoting change— aggressively prompting change 
to a better way of doing things." .. 

With the foundation of the program laid. CEL's next step was to choose candi- 
dates from newly developed products that w.ere considered to be under-utilized 
but with a high potential for beneficial application within the Navy. The'seleetion 
included a cathodic protection kitTorship moorings^ a weathered paintHdentifica- 
tio'n kit. cathodic protection system for water tanks. Iliver tool.kits, a single line 
heai-traced pipe system, quick camp modules, funicular shell construction, and a 
three-phase electric power line monitor. The development, marketing and impact 
. ol' ihe power line monitor on the public and private sectors as a result of CEL's 
aggressive technology transfer program serves as an example of the total benefits 
10 be uained fronv Navv research and development. 



CEL's Investigation of High'buatity Electric Power 

; »During Ihc latter months of l%:V well before any piihlic concern was 'expressed 
over a possible I'liel shortage and its i-esultant elTects on electrical power output* 
CEL initiated a research project to iletermine the. requirements for high quality 
electric power-for sensitive electronic equipment in use at Naval shore stations. 

The Navy is a heavy user of electrical power in a variety oC shore stations 
containing technical loads related to command and control, communications* 
computer and navigation functions in support of the Navy niission. Operational 
reliability of sensitive equipment constituting technical loads; is directly affected 
by the quality and reliability of power. 'I'his power is presently supplied with a 
wide range of quality and reliability. At the time of the CEL study, few if any 
, satisfactory procedures or techniques existed which would provide for cost effec- 
tive compatibility between the quality of supplied power and the power require- 
. ments of critical, sensitive equipment. 

Development of Power Line Monitor . . 

During CEI.'s investigation into the quality and relifibility of electrical power at 
Naval shore stations, it became, readily apparent that some means of monitoring 
and categorizing transient disturbances in power supplies that caused operational 
mallVmctions and damage to critical equipment would be required. 

An industry-wiile^ search was contlucted to determine jf a suitable and econom- 
ical po.wer line monitor was^ Commercially available. Numerous monitors were 
founti, but most of them were designed to monitor a- few specific parameters;. 
Their costsVanged from approximately $300, for a unit that could monitor a single 
parameter* to elaborate power line monitoring systems costing as much as $25,000 

/with still only a three parameter capability. There-was also the problem of porta- 
bility. Since many Naval shore installations arc located in remote areas'*, both in 
the United States and overseas, a several hundred^ pound monitoring system 
wouki not be suitable for shipment to, or use in the field. This led-,to the CEL 
development of a prototype, portable, low cost, three-phase power disturbance 
monitor. , ■ . ' ' 

By May 1972. the'lirst prototype* monitor hail been designed, fabricated, and; 
testetl by Mr. M. N. Smith, one of the civilian employees of Civil Engineering 

j Laboratory. It was capable of detectii%, categorizing, and counting the occur- 
rences of anomalies jn electrical power systems. The monitor could detect power ' 
disturbances in all three phases, Iine-to-«ncutraI voltages without the necessity of 
differentiating the phase in which the disturbances occurred. It could continu- 
ously monitor pulse transients and variations in voltiige and frequency which 
exceeded prc-selected levels. Whenever a preselected level had been exceeded, a 
single.coun! »vas registered in one of five counters which categorized the clisturb- 
ances'as an under-voltage. an ovef-voItag*c: an untler/over frequency, a low mag- 
nitude impulse or a high magnitude impulse. Even a combination of disturbances^ 
occurring sirr..:Itaneously could be properly categorized and counted. The 
monitor contained visual warning lights, an audio alarm, and an AC volt meter. 
(Ref. 7). The original prototype monitor was hpusetl in a 22x 10% inch 
ciihinei and weighetl only 4S pounds (See Figure 3-1). 

• The tolal R&D funds associattyJ diHectly with the development of the original, 
.prototype power line monitor have been estimated at $ 10,000. (Ref. S). The suc- 
cessful completion of this project coincided with the implementation of the labora- ■ 
lory's technology transfer program. After the original protot'ype monitor had been 
successfully bench-tested at the Civil Engineering Laboratory, the decision was 
made by it he Naval C om mu|3icat ions. Com man tl to prociu'c six additional monitors ■ 
foil field-lesiing and ulili/iition at various Navy shore installations. In March 1972.. 



a Kcqiiosl lor Proposal lo dcsign» rahric;i!c» tlclivLM\ and tcsl Ihe six new monitors 
was snbittiucd lo ihc U^J^. DcparmicnJ of ConimcMcc for puhlicanon in ihc 
'^Commerce I3iisinc!>s Daily/* I hc successful h'idtler would he required to meet 

■ CEl/s specifications for the monitor. 
' Programmed Power Inc. » a small electronics manufacturing subsidiary of 
l-ranklin HIectric Company* decided to submit a proposal and hid Ibi; the contract. ^ 

The company h;rd recently started operations in Menio Park, California and had 
undertaken an extensive research and development project in the field of uninter- 
hiptible power systems; They had also performed some preliminary R&D on 
power line monitor^, with the thought of possibly marketing^them in'the future.* 
Programriied, Power was the successful bidder, and in June" 1972, received the 

'contract for six monitors. The contract called for delivery of the units by Sep- 
lepibc^r of that year, and for the performance testing to be conducted at the Civil 
Kngineering Laboratory during October. 'I'he total amount of the contract was 
$22,479, or S3, 749. 50 for each of the six supplied monitors. • 

Transferring the Technology of the Monitor ,/ « . ' 

While wailing for delivery of the new monitors from' Programmed Power» CEL 
lield-tested the original prototype at the Naval Station, Rota, Spain, and the 
Naval CoastaljSystems Laboratory, Panama City^, Florida. Both held evaluations 
wcw totally successful. Realizing thai the monitor had potential widespread ap- 
plication for the Navy, GEl- issued a complcft technical,note» describing the 
monitor and its capabilities in ,lune 1972, The initial tlistribution of the technical, 
note was to Naval Facilities Engineering-Command activities and the Defense" 
Documemation Center in Washington, p. C. J ^. 

Ba§cd upon theenthusiastic response from the Niivy civil engineering commun- 
ity. CEl. made the decision to make" the monitor a primary candidate in their 
technology transfer prograni. In August, 1972, a press release was sent oiii offer- 
ing lo make the results of the research and development efforts on the monitor 
available for use by private industry. The following note appeared in the *'En- 
uineerinu News Letter" section pf the September 1 1 , 1972 edition of ELEC- 
TRON ICS MAG-A/.IN E: . - 

Power: LiiieMonitor Prom the Navv 

■ ' , ■ ■ , 

Tired of wondering- what your poWer line is doing, or for that matter, isn't 
doing'?- If so, you may be interested in a low-cost, 3-phase power line 
monitor that keeps an eye on the outprit of such supplies. The monitor 
checks for both over and under-voltage and frequency, and pp.sitive or nega- 
tive pulse transients from ,"^0 to 600 volts of pulse duration of from I micro- 
second to 16 milli>econds. The Naval Civil Engineering Laboratory has 
v. made the results of this research and development effort available; for 
further information write: Utilization Officer, L02, Naval Civil Engineering 
Laboratory, Port Hueneme, Calif. 93403. 

The response to that magazine article was overwhelming. Within a .week the 
Ci\^il Hnginceriijig Laboratory had received 71 requests for information about the 
monitor. By the end of March, 1973, .the laboratory had received a total of 177 
separate information requests from private industry, other military services, .gov- 
ernmental, agencies, universities, hospitals, 36 slate agencies, and 14 different^ 
countries. \ - , - 

Meanwhile. Programmed Pouter Inc. made the decision to develop a monitor- 
suitable ibr commercial^ipplication. The company improved CEL's basic design 
and introduced their Model 3200 (See Figure 3-2). As could have been predicted^ 
ihciV product was an instant success. Sales lor 1973 amounted to $196,000, In 1974 
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AetnQ Life & Casualty 
Aluminiim Company of America 
American Broadcasting Company^ 
American Microsystems 
Arizona Slate University 
6*D Spear Medical Systems 
Banco do Brasil, S.A. 
Bank of America 
^ Bell Canada 
Bell Helicopter 
Blue Cross Association? 
BNR (Canada) 
Bolt, Beranek & Newman 
Bowling Green State University 
Brookhaven National Laboratory 
Bunker Ramo Corporation 
Bunker Ramo, Esis Division 
Burlington Engineering 
Burroughs Corporation 
• Canadian Overseas Telecommuni* 
cations Corporation 
Canadian Bank of Commerce 
Canteen Corporation 
Chandler Leasing Corporation 
Chemical Abstracts Service 
Control Data Corporation 
E. I. duPont 
Eastman Kodak 
E C R M ' 
Electro Rents 

Elektro Ziegler (Germany) ' • 
Empresa Brasileira de Telecommuni- 
. cacoes. S.A. 
Emery Air Freight 
Ford Motor Company 
Four-Phase Systen>s Inc. 
GTE' Information Systems 
GTE Lenkurt Electric ' ' 
General Motors Properties 
General Motors Proving Grounds 
Harris Trust & Savings Bank 
Hartford National Bank & Trust Company. 
Hercules, Inc. 
Hewlett-Packard ' 
Hoftman-LaRochc 
Honeywell Inc. 
Houghes-Aircraft " 
IBM 

Iddnticon 

Industrial Nucleonics 

Kitchens of Sara Leo ' 
Eli Lilly & Company 
* McDonnell-Douglas 
Medical Center Company 
Metropolitan Life Insurance 
Ministerid da Fazenda. S.A. ' 
State of Minnesota ISD 
Montgomery Ward 
NASA— Ames Research Center 



NASA--Johnson Space Center 

NASA— Langley Research Center ^ 

NASA— Marshall Space Flight Center 

National Accelerator, Laboratory 

National Bureau of Standards 

National Institutes of Health 

New York City Off-Track Betting Corp. 

New York Telephone 

New York Times 

Pacific Northwest Bell * ^ 

Palm Beach City. Data Processing 

Palos Q&mmunity Hospital 

Philco-Ford Corporation 

Portlartd General Electric 

Pratt & Whitney Aircraft 

Privy Council of Canada 

PRO Electronics 

Randolph Engineering 
. Rental Electronics 

Rich Inc. r 

St. Regis Paper Company 

Scan Data Corporation - - 

Port 9f Seattle 

A. 0.' Smith Company 

Stanford Research Institute 

Stanford University 

Summit Radio Corporatjon- , 

Teledyne-lnet 

Teles^itcher Corporation 

Texaco, Inc. 

Texas Instruments 

Thatcher Glass Manufacturing 
"^ymshare, .Inc'.' 

Union Carbide Corporation 

U.S. Air Force Academy o 

U.S. Army, Anniston Depot 

US. Army, Ft. Huact"jca 

U.S. Army. MERDC 

U.S. Army, Red River Depot 

U.S. Army Security Agency 

U.S. Defense Electronics Supply Ctr. 
(Pt. Mugu Air Station) 

U.S. Navy Air Station North Island 

U.S. Navy Civil Engineering Laboratory 
- U.S. Navy Puget Sound Shipyard 

U.S. Navy Subic Bay Torpedo Station 

U.S. Navy, WesNavFacEngCom 

U.S. Department of Commerce (NESS). 

U.S. Department of the Interior 
(Bureau of. Mines) 

U:S. Department of State 

Univac 

University of Michigan 
Wellsco Data Corporation 
•Western Electric 
> Westinghouse Electric 
Wisconsin Electric 
Xerox Palo Alto Research Center 
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sales of lhc monitor lofalcd $454,000 and the 1975 sales rorccasl preOiels elosc to 
$1 million, l'i;ogrammeil Power now olTers a complete range of monitors to both 
the domestic and international markets (See ligure 3-3). The company currently 
employs fil'teen people, six direcllyuus a result ol* the monitor. By 1978, when 
Programmed Power expects to enter the uninterruptible; power systems market on 
iM'airly large scale, employment is expected to reach 1 10 pctiple. 

Benefits Derived from Transferred Technology of the (VIonitor . 

The economic benefits of CHI.'s transfer of the monitor technology to Pro- 
grammed Power Inc. are obvious.and the company acknowledges that CEL was 
responsible lor its entry into monitor production. (Ref. 9). Power line monitors 
have constituted the bulk of the company's business since its formation and is 
responsible for its, growing work force. 

The positive impact that CHL's traiisfer of the monitor technology will have on 
thejcountry's economy as a whole can also be estimated. Utilizing the economic 
concept of the multiplier elTect. it can be shown that a $10,000 research and 
development effort by the Navy will have led to the creation of an estimated 
$1,650,000 worth of additional goods and services by the end of 1975. tf the 
Navy's R&D expenditure is considered to be the'^'lnitial investment,'' then the 
resultant "multiplier'* will have been. 165 — an excellent return by any mtjasure, 
particularly in these days of economic uncertainty. (Ref. 10). 

The direct savings to the Federal Government users of thc^monitor as a result 
of its being commercially available are significant. The original six power line 
monitors purchased by the Civil Engirt'eering Laboratory cost $3,749.50 each. The 
price of the same monitors fell to.$2,995 when Programmed Power Inc. went into 
full-scale commercial production. Since then, the military services and other Fed- 
eral Agencies have purchased approximately 35 of the monitors. If a conservative 
cc)sf savings figure of $600 per unit is used, more than twice the initial $10,0(^0 
R&D costs have been realized to date, 

Although CEL's development of a low c6s1. versatile power line' monitor was - 
initiated to fiilhll a Navy need created by varying quality of world-wide electrical- 
power supplies, the current fuel shortage and related energy crisis in the United 
States have increased industry's demand for power monitoring devices. The 
power-generating problem with its feared consequences of power outages, 
brownouts, voltage dips, transients, and frequency variations is worrying industry 
and rightfully so. According to Mr. Lee Cooper, Preisident of Piogrammed Power 
Inc.. **Last year'-s fuel and energy c»"Unch woke up a lot of people in the elec- 
tronics and computer'industries. They found out that much to their dismay, they 
can no longer take for granted what comes out of that electrical socket in the 
wall." (Ref. II). 

In a recent article by Mr. C. fj. Tsung. a highly qualified expert in electrical 
power consumption, the author states. '^Brownouts will be a fact of life for an 
indefinite period of time to come." Mr. Tsung further reports that from a recent 
survey concerning the effects of voltage reductions, it was discovered that during 
brownouts, poor and unreliable operations -were experienced witb elevators imd 
their controls, monitoring equipment, escalators, communication equipment, air 
conditioning equipment, and a wide variety of motors, computers, and other 
business machines. Particularly sensitive equipment, such" as electronic data .. 
processing computers, production controls, and medical diagnostic instruments, 
are alTected by even slight yolta;ge variations, and probably should be removed 
from service when supply voltages do not range within specified requirements. 
(Ref- 12). Imagine the expense involved when a technician spends hours attempt- 
ing to debug a computer malfunction when the culprit-was'not the machine but the 
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rnmci suppls; m ihc consic-rnaiion of iin executive miikiniJ! erueial corporate 
tiecisions on eonipulei; ^eneraled data that may he erronetnis; or a clpcior's Tear 
that eriiieal meJieal numiloring jnslrunicnts may malfiinetion because of power 
problems. The moiiilor can tieleet aiul/or iiulieato solutions for manv of these 
problems. 

Conclusion " ' 

'I he power line monitor is Jusi one example of how Navy R&D efforts, com- 
bined vyiih an aggressive technology transfer pro^iram such as that at the Navy's 
(Tvir Hngineerini: l:aboratory. are benelilini» society and returning public divi- 
dends iVoni defense research dollars? . 
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, The research application etTorl in the Hprest Service was started some 75 years 
ago. Somehow from the 2()s to 1972 we lost sight of the fact that *wc had the 
responsibihty of getting our research applied. Somewhere in that period wc 
started talking to libraries and peers rather than user groups. Back in about 1972 
the General Aecoimting OHiee did an audit of Forest Service research and as il 
came out it looked as if we were not getting any research applied. Therefore 
renewed effort was begun to get the research applied. From then on we had the 
challen|;;e to see that the information from the Forest Service Research was 
moved out of the laboratories and Journals and into the hands of the people who 
need it to help.thcm solve problems. 
The initial effort was to hire the CRUSK group to look at the Forest Service 
: apparatus. 1'he next step was to formulate a Washington Oflice Steering Commit- 
tee. .The committee was made up of the three branches of the Forest Service 
which are Research, State and I^rivatc Forestry, and National Foresf Systems. In 
1972 this committee originated a national workshop on Research Implementation 
which wasi^onducted in Atlanta^ .Georgia, As a result of this research implemen- 
tation workshop they looked at several problems within the administration of 
-research, and within the administration of the Forest Service in particular, in 
regarti to application research findings. They came up with about 28 
recommentlations— most of which have been put into effect. This was a week long 
workshop. Over 100 people attended. Most of the attendees were from the Forest 
Service. Some of the findings of the workshop resulted in a new chapter to the 
Forest ^Service Manual and Handbook which now covers the policies and 
service-wide responsibilities for research implementation. For the first time it sets 
out that there will be field responsibilities for research implementation and coor- 
dination. The Forest Service is lilso revising its research program section to cover 
responsibilities, roles, and implementation of research results. We organized a 
Washington Office Task Force to develop a uniform service-wide publication 
system because we realized fully that one of the important means of communica- 
tions is through a publication process. This Uisk force has submitted a draft report 
to the Chief of Stair. 

Also in 1973 a NationiTI Research Information Service Advisory position to the 
Deputy Chief of Research was established. I became that. I was at that time 
working with the Northeastern Forest Experiment Station on information serv- 
ices work and I had a one-half responsibility for this national assignment. 

My responsibility at the Northeast Station was to stimulate .special activities ' 
that would lead toward belter or more rapid application of research findings. This 
•responsibility led to the development of a pilot project on packaging research for 
specific audiences. The success of this endcPavor has generated interest in the 
; packaging process for research applications. We were able to take a bit of re- 
search that one oV our scientists had on decay and discoloration of trees and by 
unique packaging ^l^jrough illustration, simple slide-presentations, we were able to 
get the message out far beyond where he had been able to reach with 100 technical 
publicaiions. As a reHijIt oT that we were given a responsibility to develop a 
national guide that other scientists could utilize in packaging their research. This 
guide is now available. 

Each of the.eight regional stations has an editorial and publication branch. But 
out in the regions and iireas (there.are two areas of the Forest Service and ten 
regions) there is no one responsible for taking the research information and put- 
. ling it into language that the user can understand and use. 

We have taken a series of publications which were originally entitled '^What's 
New in Research .in the West*; 'and expanded that to What\ New in Research'\ 
It coveretl about four stations to explain w^iat was happening at those stations so 
that a pjactitioner could understand it. If he wants additional information he 
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•knows where lo lo gel it. Wo have a similar pubhcalioa /M-orcst Research 
News lo! the South'* svliich covers two areas. 

Our research aUininislradon in the Washington olTice has been working with 
personnel to amplify and clarify the research grade evaluation guide to provide 
recognition to implementation efforts by scientists. We are trying to tackle the, 
rewaril system. 

The C hief and stalT are working with the Kxtt\isioi) Service to establish joint 
locations of extension foresters and Forest Service specialists at research centers 
aiul land grant universities, whenever feasible, on a person-lo-person basis for the 
transfer of research information. ' , ; 

= We hij,vefcorgani/ed our experiment stations and for the first time we havp a 
.position which has direct responsibility for research implehientation. Wc cHl it an 
Assistant Director I AD) for program planning and application. He is a key staff 
officer in the station. We had a workshop for these ADs for planning and applica- 
tion in February of this year, at which w:e established their orienliuion and major 
objectives by which they w\)uld tacklei^the ^ipplica|intfiprocess. Wc have de- 
veloped a Forestry Technical Information System working with the Atomic 
Fnergy Commission in Oak Ridge. We are going to computerize our technical 
information system and storage retrieval so that the hmd manager, in case he has a 
problem, can plug into it and get an answer. / ^ 

My present pt)sition was established in 1974 in Washington, D.C. I serve as the 
focal point for initiating, developing/ coordinating; and facilitating programs^ 
w hich will help accelerate the application of forest service research results. 
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'^Il^ :!!'!'. 4 a-scaa-h mili,.,„ion process: we also ti-v ,d 

covered hm. , he Rei l h^ by Mr, Hal Marx ha«e 

^nndy^c- e oyih^\^^^ ' "^"^ "^^'^^ P'"'' us somewhat in the role of 

itl hfRe c',^^^ ^'"",we have been constrained to work from 




M.»n^ Th. K.. / I — *u. .uiuii Lirnuii or lis lipphcation efforts ii few veaix 
ou ascnrcl, idemilics ab„,„ how ,hey Jel Iheir knoile. „c „ ,^ :,''"f';', • S 

'i.eS,Jr"m;;;.i!;:: ' '^-"-^"'"-^ ph-hOcs^s:^;" 

The R&D.Laboratory Model -* . .. 

There arc lour broad areas svhich wc led CDiiipelent to work with in ^m RV-n 
o.^an.zatK,n. and which we . have. stt.dijl^n the%r«^^^^ 



v To conduct a comprehensive ac^or7-researc^ projecl covering the areas of: ■ ' 

(a) Organizational planning and goal-setting • . ' 

' (b) Individual satisfactions, information-pr'bcessing, and other personal factors 

(c) Organizational climate, leadership, functioning - . 

(d) Production and dissemination of outputs for scientific clients ahc^ fdr app//ed clients. 
Implicit in the notion of -action researches a detailed problem-solving perspective for problem- 

formulation,'*data collection, analysis, feedback, Identification and group problem-solving to work on 
problem areas, and finally, an evaluation of changes In the organization. The overall sequence will, take 
something like five years (we are four years Into the process now). 

.. -TASKS . ■ •■■ ■• ■ ■ ^ , ■ / ■ 

,. Initial problem-formulation was done-through a year's open-ended Interviewing, learning, and setting 
up of an "Inside team" from F.S. Washington leadership, primarily in research*, but with client represen- 
tation as well. ; ' 

Data collection (year two) saw creation of a complete R&D organization questionnaire in the four 
areas above, and collection of-data^from a census of researchers and aVs sample of research techni- 
cians, with an overall response rate of 94%. A large data reduction and multivariate analysis chore 
followed, focusing on the criteria of satisfactions, scientific, and applied contribution, with some atten- 
tion to reward:^n terms of G.S. Grade). 

Recently we have been involved in guiding the data .feedback process with small groups in each of 
the eight F.S. research stations and the Fofest Products Laboratory. The mbdel has been one of 
leaching problem-solving skills needed to derive problems from data, identify solutions, and build action 
plans for them. The data have served to: (1) identify predictiye models for the criteria (and-hence, 
establish Important predictors), and (2) Indicate where the statibns are on the criteria and their predic- 
tors, to establish priorities for problem-identificatfon. Group discussions use these results as. a spring- 
board in result-validation and interpretation^ ; !, 
Future work will center more and more in^ helping the system correct problems identified, and 
^reinforce the -strengths. Prime areas ^for national attention are: (1) a complete look at' research 
"applications— appropriate activities.^how to measure contributions, and the reward system; (2) de- 
velopment of organizational skillsfn the stations; (3) testing of a short form of our instrument, geared to 
use as a management tooi:-The form will collect ratings of organizational and Individual factors, plus 
. look directly at the effects of these factors on satisfactions and contributions. 

FURTHER WORK^ . 

We have-afso been working with a medical R&D organization in a more compact, version of the ■ 
project, with an instrument based on the notion of poinl 3 in the paragraph above.* Similar data have 
ajso'been collected in an educational R&D lab by another researcher. In the future we will finish 
■ analyses at individual, project, and location levels, and write e ' 

Vlgurk 5-1 Summary of the CRUSK— U.S. Forest Service" Research Study. 



focus areas lisleil as the rows in the motlel in Figure 5-2. The areas are: (I) the 
research planning process, both-long anti short range: (2) organizajional factors: 
{}) inilividual factors, altitudes, motivations, information processing, and 
background: and (4) production of knowledge, dissemination, and utilization. We 
did not prioritize these focus areas, nor put any predictor— criterion, models on 
them before we began to work. Thjs may scare some social scientists: but > we 
.began with the "free" approach because we think the criteria and the models need 
to be set by an organization lo meet /7.v needs, not oin*s. What wq are saying is that 
all of these factors are nceded;to give us a mastery over what is going on in the 
organizatFon. hut that how the areas' interrelate and what the important ()Utcome 
measures are 'must be spt;x*ified by the client. 

The stages in the action research process, specified working toward the right 
across the top of the figiu*e. constitute a more -active than normal role for t!ie 
res(:archcr in helping his client ijnderstimd and use informatron. Tho.ugh this 
process provides, wc believe, more useful and used mitputs. it has heightened oiu* 
concern iibbut factors such as long time pcri^ods in research projects, the necessity 
for learn building, and the reward systems in science — all factors we will djscuss 
as "parallels :* later. 

In the fust stage of problem formulation, we spent a full year simply getting to* 
;"know thG territory'; and the people in the researclj organization. This detail paid 
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Figure M.-Po<-'"s.Areas Appropriate for Investigation in Icrnis of technology transfer study. 



olT in I he coverage we were then able to provide in our survey instrument, the 
priiilietive posver ofour analyses, and in the ultimate Usefulness of the results*. The 
major '\lata*' from the problem formulation year consist of open-eiul^ed group 
interviews with about 300 persons in the Research Branch and'client groups. 

From this we went oh into the second phase of the model, using a 'self- 
adniinistercd survey quest ipnnaire covering the four areas. Many of the concepts 
used were taken from precedent works on research organizations, organizational 
development, and dissemination and utilization. All of the concepts were, how- 
ever, filtered through the realities contained in the problem formulation results, 
and through a Forest' Service project monitoring t.eam. in order to'insure that we 
were asking relevant questions. In analysis we have concentrated on criteria 
dealing with reactions (and satisfactions) with the organization, contributions to 
knowledge and applications, and increasingly in recent months, the notion of the 
reward system. We lind that interest in these criteria varies within the organiza- 
tion. AVe have discpvej:ed that there is more interqst at the top of the organization 
w'ith issues such as research application, while individual researchers are more 
■ concerned with' the organizational conditions which help or hurt their work: and 
contributions of.cither type. Thus; we have hiad to keep a wide range '-^f informa- 
tion in the feedback data and reports we have provided for stations, .md in the 
meetings we have held for. problem solving based on the results. . 

What happens during feedback and problem solving? The following phases 
seem to cover most of the work done separafely in the various research stations. 

!. Oncmadan of ihe cliem to our perspectives, and of us to their' current 
problems: initial meetings with leadership were used, too. 
Vrcsciitation of fmdings dealing with the criteria and with factors which 
relate strongly to ihe criteria in nation-wide analyses. Data are always prc- 
^sented in a way which allow them to compare themselves with the rest of the 
system, and in addition, by important levels (e.g.,;Job status) within their 
local organization. 

r<///V/(///V/// of our findings against the collected experiences of groups from 
the station. In cases of disagreement between the clients and the data, we 
explored ihe reason for the discrepancy, and usually came out agreeing with 
the clients'Judgments. i . , 

4. Fnthlcni Jhrfiinlatinfi. iisluu. the data and discussion as .v///////// for the group 
to use in brainstorming sessions with the goal of identifying real, continuing 
problems in that station. " 

Salntiaii rcroDiDiciulatioii, using continuing brainstorming to come up with 
alternative solutions, evaluate the altei'natives, and linish with a list of rec- 
omniendations for action. The recommendations usually went to station 
leadership for reactions and implementation. . - 

Our role in the content of this work was greatest during the lirst twH) steps, and 
gave way to increased activity wiih process used by-the meeting participants 
during the later phases. .Validation Wiis a particularly important step, since it was 
here, in the group setting, that individuals came to feel they understood our 
concepts^Ltnd could relate to them, in addition, they had the necessary chance to . 
locate problems in the data or analysis. Several kinds of problems were identified 
in various locations: ^ ; 

1. Conditions had changed since the data were collected. Here our desire to 
colled complete data and do comprehensive analyses worked againsj; our.., 
desire to he timely. In addition, the Forest SLXviceJold-us in n^^^^ 
terms that the stations.could not hoUFsTill, or consent to be control groups 
for us. •■ ■ * 
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2. VVc had not asked the right quesli'ohs. This was particularly true in cases 
where local conditions dilTcred IVom those true nationwide. Were we to do 

:. the research again. Tor example, we would probably put more efnphasis on 
the financial aspects of research projects. Where'^we did have an area cov- 
ered; however, we foiind that the items .seemed much more on target than in 
the average survey. This we attribute completely to the amount of vyork 

> ; which went on during the first year, and.to the fact that items were not added 
solely from the social scientist's view of how the world (and the concepts' 
: working in it) ought to be. 

3. Our analyses weren't complete. We found that our clients gave uA valuable 
cfues for variables which needed to be considered for qualifying conditions, 
etc. The fact that they themselves are researchers helped no end here. The 

. comments added both to the predictive power in our revised analyses, and lo 
the utility of the results — primarily since the client could now have more 
' confidence in the findings. • • ' 

Our general principle running through all of our work is.that of direct psycholog- 
ical involvement of the client throughout the process, and of direct interaction 
between client and researcher at all phases. The *^iction potentiaK'of the results is 
much greater if the client'feels he understands and somehow ''owns ' the study, 
its concepts, and its findings. On the other hand, the client needs help with the 
process through which the findings get turned into recommendations/for support- 
ing good things or changing bad ones. These feelings of ownership are particularly 
crucial at leadership levels, since these provide a legitimate entry to the staff — and 
the staff in turn insures that leadership cannot ignore the study and its recommen- 
dations. 

I think this covers the process of our work sufficiently. The next question 
involves what we've learned from the research. I have selected three analyses for 
attention here, taken from the data for all. Forest Service Research stations com-" 
bined. ^ - . 

Some Findings 

We will be looking at analyses of the tWo kinds of contribution researchers can 
make: that to scientific knowledge itself, and that ip applications. We have found 
that indices, of Ihe two kinds of contribution do correlate positively — researchers 
wHii^are contributing to science also tend to contribute t(]i applications. Beyond 
t1lis^ however. thcrCyare different predictive models for scientific and applied 
contribution.*' . • .... 

The scientilic contribiitian^ index is^.the vertical scale in Figure 5-3. Groups 
h^ve been defined by the cohiputeV. as a function of high-low splits on a set of 
/predictors! so as lo maximally predict the criterion of contribution by creating 
groups (in a non-symmetric ^manner — the technique is^caljed Automatic Interac- 
tion Detection). Notice one thing about the strategy we are using— wc have not 
brought back to the client any regression or correlatij^n analyses. We have found 
that it is difficult even lor resea|H:hers to derive a'ctioTii implications Xrom correla- 
tional findings. They seem! to need Icvcls on defined variables {o\\i^n)tips ot iden- 
tified type and size. 

The analysis shows us that the highest contributors to science in the Forest 
Service Research Branch are research team Project Leaders who are also ''self 
starting." in that they get a greater than average amount of stimulation to perform 



*Bolh measures equally weigh appri>priaie quesiionnaire responses In three areas: miniher of wriUch 
oiiipuls in 'last five years, nuniher i)!* events allcncled. and opinions alxHM cimUHiuiion. , ' . 




"A.LD, * Groups 
Plotted by Means on the Index 



Figure 5-3 ''AJ.D/' Analysis of the Scientific Contribution Index (Data from 
scientists and Pi's) 

well from their own work, ideas, imd curiosity, Thfey are also more ''cognitively 
complex/* that is, they prefer to handiCsTnany aspects of a problem^at once, rathe;* 
than working on. one facet at a time in a linear fashion. The combination of these 
three factors, then, defines the highest groiip^m^iking up about 13 per cent of the 
researchers in the organization. Scientists, as opfJOi^ed to ProjQ.ct Leaders, can 
/^compensate** for »their Idwer roie in the organi2atian^tk^^^JCture by having a 
Ph.D., being more active in inter-project and inter-displinary^(^cUIaborative re- 
search, a//^/ having a good scientific inforrnation exchange envirnnrtrent^The 
scientific information environment and feelings of high challenge in work an 
dedication to work .help the' non-doctorate Scientists. On the bottom in terms of 
scientific contribution are Scientists without a doctorate who*say their scientific 
information environment is bad. Organizational fiictors. then, seem'criticaj for the 
.scientific contribution of scientists but only personal cognitive and motivation 
factors arc important to the contribution of the research leaders. (Most of whom 
\yere probably selected for their job because they had these characteristics.) 



In recdback sve would compare the" percentages in each of these nine groups 
from the nation-wide dat.a with percentages in Jhe station. We would also look at 
the mean scores' of the nine groups in the station, again compared with the na- 
tional data. If a station found it had more researchers than average in a low group, 
and/or a; lower contribution score for that group, then it would have an idea of 
which- factors to work on for change. For example, if 20 per cent of ;^station*s 
research Scientists showed up in the non-Ph.D.— poor scientific information 
group, then that station would .have a cliiCv that h miji»lit need to 'improve the 
information environment for these persons. We "might" because this finding 
would still need to be discussed and validated by the experiences of the group. 

The next example, in Figure 4. covers the index of applied contribution. It is ip 
a different form for ease of understanding, but it was produced by the same 
analytic pj^ocedure ufi was used above. What we are saying here is, and I would 
challenge you to think about your own R&D organization, that applied contribu- 
tion is affected mosi dramatically by the extent researchers think their organiza- 
tion supports their. efforts in linking with clients. The support measure includes 
'"^perceived pressure from inside and outside the research team to.get application: 
the extent the supervij>or pushes application; and the rewards perceived for such 
work, also. What the three plots show is that the effects of support are positive for 
all three groups, though a bit more important for Project LeadersAvho get a great 
deal of stimulus from client problems. Client stimulus makes a difference, as does.. 
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job status // the. researcher is high in getting this stimulus from clienl.s. So, job 
status, stinuitation from clients, and a overall organizational supporl, are the 
important Factors to know about in predicting applied contributions. The support 
dimension, in particular, has come, in tor a lot of discussion during feedback as a 
controlling factor in the amount researchers gel active in applications. This brings 
us to the final analysis. 

» Just how do the two contribution factors relate to rewards researchers receive? 
To answer this we divided researchers into five groups, as a function of their 
scores on the two contributioa measures, and then compared the average G.S. 
Grades of the groups, after controlling for, background and experience factors. 
The results are in Figure 5. 
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..Table of CovamUes- 



Level of education 

Years since education completed 

Years in Forest Service research 

Equality of adjusted moans 



df, 

F 

p. 



Scientists 
t p- 
15.1 ,0001 
8.0 ,0001 
6.5 .0001 

4,680 
6.8 
.0Q01 



PLs 



/ 

3.5 
4.2 
2.3 



P- 

.oeff 

.0001 
05 



4.242 
7.1 
•OdOl 



Figure 5-5 Analy.si.s of Covariance for G. S. Grade of Five Scientific, and Applied 
Contribution Groups. 
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What wc see is that, lor research team Project Leaders, those who are high in 
applied contribution are about one halfa G.S. Grade lower than their colleagues, 
regardless of where they are on scientific contribution. Compare grou'ps one and 
three: the only difference between them is that group three is high on applications, 
while both are low in scientific contribution. Here group, three is half a grade 
lower, even though, objectively, they are at least contribtrting in one area. More 
serious is the cut taken by group four as compared with group two. Project 
Leaders in group four arc high inhoth kinds of contributign;but they are still hall* 
a grade lower than their peers who are high only in scientific contribution/The 
reward system for Project Leaders, then, appears to give a negative- reward for 
applications. For Scientists, the picture is not so bad — we see a general positive 
trend for G.S. Grade'as the Scientist becomes high in either area and finally both. 

During data feedback, discussion immediately turns to the big issue; why. 
doesn't the organization reward applications work of Project Leaders? As wc'vie 
said earlier, the Forest Service has been concerned in the past with building its 
scientific legitimacy, academic credibility, building laboratories close to univer- 
sity campuses, and so on. Reputation building is a necessary step: but, what we 
are seeing is that rewards are not yet ready for the next step which the organiza-. 
tion is trying to take. We suspect that a great deal of work will bc .needed 
change the peer evaluation system, and the government guidelines for evaluating 
science. ' 



Parallels \ — 

. I Want to close with some parallels . L<wrc"!?ecrrTrt the two levels we talked about 
earlier: the use of our knowledge about research production and utilization in the 
Forest Service, and what we see in the Forest Service as they try to get their 
knowledge put to use. As I said, some of these seem to apply to the Navy .setting 
as well. 

First, of course is the reward problem. It seems endemic— as much of a diffi- 
culty in the Forest Service as in academics in rewarding effort's to get research 
applied. It seems that the people in charge of research organizations are only 
beginning to riiove in the directit>n-4.:>remphasizing application — and more so in the 
government than in academics: but neither group has taken the next required step 
of putting rewards where their. verbalizations are. ■ ^ 

A second parallel-is that problem of maintaining a long-time sequence of proj- 
ects. I have indicated that the Forest Service project is a/pur to five year effort. 
We have had difficulty maintaining our momentum as" a research team. Social 
Scientists are geared to work on short range things. Very few of us are psycholog- 
ically keyed to not having an answer for the next four y^ears. This. of^cyAU'se. ties 
immediately back into the reward system problems. All of these things interiy:!. 
We sec the. same difficulties in the Forest Service: if we think a five year time 
sequence is bad — what do you do if you want to study the' complete regeneration 
of the forest? It may take a generafi,on before the project is done, creating a 
motividion and momentum problem. So both of us (w.e and the Forest Service) 
seem to have problems in terms of time scale: I haven't heard this mentioned as so 
great a problem in Navy Rt^iD. however. , 

Third, is another time pwblem parallel, that of turn-around time. Our analysis, 
being as detailed as it was. l,ook something like a year ora year and one-halT. A,s I 
said. the. organization moved, out from under us. In the Forest Service, we hear 
the samcMhing. We hear clients complaining that. *'By the time you guys came 
back with yoiir solution to the problem, we had simply flipped a coin for a sblution 
and went on. That, was last year's problem. This year's problem is x. y or z. What 
do you have to tcH iw on that?"' It seems that researirf^ers arc still tied to the .01 



Icvcl or even the .001 level of significance before Ihey will say anything; even 
though the real world often makes decisions on the flip of a coin. Clients are 
saying to us all the time. ^'Why don't you give me a.60-40 guess?'" if you slop and 
think about it man;v .of us researchers, change hats. We take off the conical peak 
hat of the acader;ici:in and put on th§ hard hat of the consultant. We will go out 
into the real u'^jrld and wewill help people. What we do when we do that, is forget? 
the data aii<^fiie from the hip. We use our hunches, which are educated guesses;- 
based on what we. think is going on. We are not staking our reputation on'a 
prob«r)ih'ty level; Clients are asking us to do more of this, even within our it- 
se:*';'.h projects. With both systems we biivc some problems doing tbis. This w 
pr.'bably true for the type of research that you do also. 

f-ourth is familiarity with the client. This is a crucial factor in the success of 
research, primarily/ 1 maintain, because of the fact that research must be designed 
to meet the needs of the clients. It is also required to help solve problems. 1 have a 
rule ofthumb. About the time thati feel you could go to work as a/esearcher for 
that organization, or about the time you go to a meeting and are^mistaken for an 
employee of the organization, then that point in time you are at the level where 
you can begin to make some positive inputs to that organization. Before that it is 
best to be quiet. • • / 

Fifth is the problem of the R&D to client ratio. This ratip' brings in the need for 
linkers and person multipliers. These concepts have also been discussed during 
this meeting. Our project used two people. Oh the average theKe has been onts 
scientist man year on the project. There are about 1,^00 researchers in the Forest 
Service R&D community; biit at least 40,000 to 5^,000 who could be potential 
users of the infornVatidh they produce. That ratio/is very large. Something needs 
to be put into ^hc middle. We all have learnedlhat people make better people 
multipliers than impersonal media — both we ixrxti the Forest Service are beginning 
to move into the area of training other people to translate knowledge and pass it 
along. The Department of Agriculture started the extension concept; but some- 
how there has been a problem in carrying the concept over into the Forest 
Service. 

The sixth parallel is that we all have to learn that researchers cannot take all of 
the blame for lack of use of knowledge. Again jt goes back to what people are 
rewarded for. We have had a few reward problems in that we are demanding a fair 
amount of time from people out in the field. Time was needed to derive solutions 
based on what we had found, but they may not get rewarded for giving us this 
time. The Forest Service research'fers have the same problem. It doesn't say in a 
Forester\sjob description; ''one of the things you will do, and get rewarded for, is 
listening to the researchers.'' I don't know of anybody's job description in any . 
agency which is written this way. \ ' 

Seventh is the parallel of organizational support, the thing that we saw was so- 
important in applied contribution. Social .science is.still overly concerned with the. 
academic image and rewards researchers for contributiojis made in narrov scien-^ 
tific specialties: as judged by scientists themselves. R&D organizations seem to 
be unable to break the mold, provide support for their staff, and put pressure on 
the larger academic community that what the lab and its peop^le do is valuable and 
important. . , 

The eighth parallel is one which I see in all of the systems: that is the -'musiciil 
chairs problem." Jv:st about the time we in our research get someone trained in 
One of.the stations to know what we are ti.ilking about, or just about the time that 
the For.est Service research branch gets one of the people out in the regional office 
trained, i)rjust about the time you get that Navy Captain so that he knows what 
you are talking about, the person is gonci. The turn-around time seems to be 
something like two years. Then you must start all over again. We are not too bad 



otT because our client ratio is stiM 2: 1000 or so, and there are probabiy only 150 lop 
administrators in the system. Usually when people leave from a station at which : 
we have worked, they either go out to retirement or they go up. Many haye moved 
up or across to other stations, f eople that we worked with earlier are showing up 
in surprisingly aiseful places. I suspect that this do^s not happen with the clients in 
Forest Service research because when clients **go up'' they tend to get moved to 
anothi,^'- region, a.way from the stjrfion\s territo^^. In the case of the'Navy» I would 
suspect the problem is even more severe. We all need to think of mechanisms 
w'hich wili'make our application. inputs "transfer-proof.'' 

The ninth and final pofnt involves the need to work in teams. We need to 
because we are concerned with doing good social science and wit hM he group 
processes required to get our results and model j)ut to use. We also need team 
members who **know^he territory" of natural resources. The Forest Service is 
also moving more to interdisciplinary teams as they come to work on moi^ "real- 
life" problems. Most researchers are too narrowly trained to be aB^ to do justice 
to the scope demanded in most "real" problems. 

In conclusion, I have tried to illustrate the process we have used» together with 
some of our tlncfings from the Forest Service project. Bojh what we have learAed 
in the process and about the Forest Service point to a series of parallels. The 
parallels stress the importance of providing organizational conditions and sup- 
ports (particularly rewards) which permit researchers to, contribute to both sci- 
ence and application at the same time. The dual contribution makes tremendous 
demands on researcher arid organization alike, and means we have much to learn 
about being timely, involved* broadbased^ and relev^mt to our clients. 
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The Prcsklciitial lnlei:nships in Science|and bngineering'Program was initialed 
in 1971 iMuIci; llie admiiiislralivo conuol^oftlie fvf^lional Science Foiindali >n,^wilh 
funding being provided by the Deparlmenl pr^Labor. 

■ This program enabled unemployed or underemployed scientists and engineers 
holding advanced degrees to work for a yeiir at Federal Research^and Develop- 
ment laboratories. A/6ne year nonrenewable stipend of up to $7;000 'per year was 

.grantecfto each int<^rn with the laboratory providing matching funds or, in many 
cJises, larger amounts. , o 

The intern^^hIps were intended to help the scientists and engineers to broaden 
their work e.xperienceT thereby facilitating their transition to future jobs needed by 
society. To »liis end, a'tofal of 5'57 scientists and ^engineers were granted inter-n- 
ships at 72 laboratories before the program was.concluded in the spring of 1973. 

it is unlt^rtunate that no system for nionitoring and evaluating the program was 
established before it was started. At the time the program concluded, little was 
known about its success or failure rn accomplishing its objectives. 
. In late 1973,. and early 1974; two naval officers who were enrolled in a program 

•leading to a Ma.sters Degree in Management at the U.S. Naval Postgraudate 
Schools uhdcrto(.^ a study of the internship program.' This report describes and 
summarizes' their thesis and thefr effort in preparing it. 

The Purpose of the Study ' 

The study was initiated ih an effort" to measure the effectiveness of the Presi- 
dential Internships in Science and Engineering Program. The specific objectives 
of the study were as follows: 

1. To determine if the program helped the interns to obtain employment in the 
science or engineering fields. ;: ^ ^ 

2. To determine if the interns provided the; laboratories with a specialized 
talent. . : • 

3. To determine how long it took the interns to become productive merjibers of 
their laboratories. ^ ' ; 

4. . To determine what efl'ect the internship .had on influencing the interns to 

seek a doctorate. vv 

5. To determine if the interns' salaries and advancement patterns were equiva- 
lent to those of their contemporaries. 

6. To determine if the internship increased the interns' capability for technol- 
ogy transfer. "\ . 

7. To determine how technical inlbrmation was transferred'between the interns 
and other members of the laboratory, and to examine how information was 
obtained by laboratory members. 

8. To determincMf there were' identifiable barriers to the transfer oftechnology 
between the interns and other members of the laboratory. - 

9. To determine 'some of the characteristics of the interns involved. Of particu- 
lar interest are those characteristics that can be associated with the linker 
and stabilizer concepts described by Crr:ighton. .lolly/and Denning. (Ref. 2). 

10. To determine if specific intern characteiistics were related to their perform- 
ance at the laboratory. ■ ^ " ^ > 



'Caler. Clnuies E. and Korsmo. Thomas B.. Masters Thesis. A SuilIv ot lhe PrcsiLlential Internship In 
Science and Knyineeriny. .lune 1974, Copies arc available from the l^efense Documentation Center. 
Cameron Station. AlexanLlria. Viruinia 22314. 



The Background for the Study 

During the period in which ihe Presidcntiii' Internships in Science and'En- 
.gineering Program was initialed, highly qitalitied young scientists and engineers 
were enduring a particularly high unemployment rate in the airframe in\luslry. Dr. 
Edward E. . David, Jr,, Science Advisor to the President* commented that '*lhese 
unemployed people could provide a unique source, of skills and resources, much 
of which was developed at taxpayers' expense in colleges, universities, and vari- 
ous laboratories." In a sense, these people represented a viuil national resource 
that was not being elTeclively utilized, // 

Concurrently, there was a'growing need throughout the country for researchin 
such areas as pollution control, trash disposal, management and integration of^ 
large projects, and the nuclear lield in areas as diverse as new power sysllems or 
criminal and medical laboratories. The internship program could provide tempo- 
rary employment for scienli,sls and engineers, expose the trainees to both the 
problems and,lhe capabilflies oPgovernmenl research ,and development institu- 
tions, and send technolojy;ical specialists into t-he mainstream of government units, 
which had previously not been able to afford such expertise, " 

It made a great deal of sense for the federal government to protect its interests 
by devising means to utilize the skills that it had helped to develop. One of the 
main thrusts of this study was to evaluate the accomplishments of the internship 
program as a means of utilizing these skills. 

An essential key to the success of this program would be the ability of the 
laboratories and inlei'ns involved to transfer technical information and knowledge 
from one to the other. Technology transfer has been defined by Gruber and 
Marquis as "the acceptance by a user of a practice common . elsewhere, or it may 
be a different application of a given technique designed originally for another 
use." (Ref. 3, p. 255-6). An example is the widespread adaptation of many, of the 
spficc program developments, such as teflon and sub-miniaturization of electronic 
components; to commercial applications. 

If one acce.pis the principle \\\\\\ \\ considerable amount of the nation's research 
and development effort involved devising (jifferent uses of existing ideas, or 
further sophistication of known concepts, thcMjit follows that an important facet of 
research^ arid developmicnt is the capability to discover and transfer what has 
already been learned fk>m one user to another. 

Another important- £icior to be considered regatrding the internship program is 
the capability of the program participants to develop and utilize innovative con- 
cepts. Barnett calls innovation new; thought, behavior, or thing which is differ- 
ent from existing forms/' (Ref. 1, page 7). it is certainly not difficult to conclude 
that'the solution to such relatfvely recent areas of public concern such as pollution 
control and trash disp'osaL which had not been generally recognized as high prior- 
ity national problems in' prc^vious generations^ would require some innovative 
techniques. 

Creighton, Jolly, and Denning (Hcf^ 2) have suggested that certain characteris- 
tics of some individuals would remder them, more effective in accomplishing the 
technologyjransfer mission than others. They went on to describe those individu- 
als who e'xhibit the traits of a gatekeeper (one who holds the strategic position in 
terms of the fiow of knowledge from source to application (Ref,"^, pp. 7-1 1), 
innovator (early adapter of an innovation)^ early knower (one who consistently 
takes initialive on his own behalf to. seek out scientific knowledge and derive 
useful learnings therefrom ( Ref. 4. pp. 7-41), and opinion leader (the individual 
from whom others seek information and- advice). 

Individuals who display a high degree of conformance to this description have 
been termed by Creighton, Jolly, and Denning as linkers. whik those who show 



fairly little c()iiforiiumcc wore called stabilizers. Jhcy riirther hypothesized that 
there would he a reiatioaship between the output efficiency utilization of research 
and the behavioral characteristics of the individuals in the user activities. 

If linkers and stabilizers could bo identilicd in the intern group, it would be of 
interest to analyze their performance characteristics, as viewed by iheir super- 
visors, in; order to see if there were any significiant diffcrencyes and if one group or 
the other achieved superior performance results. Identification of such relation- 
ships, if they existed, could be of value to the laboratories and others who are 
concerned with acquiring services of people to accomplish research and develop- 
ment tasks. - ' , " 

It would be presumptuous however, to assume thai the ihterns'themselves had 
complete control of their destinies, and ij should be lecognized that the nature of 
the laboratoiy itself would have some impact on- the ability of the interns to 
Junction as either linkers or .stabilizers. If. for example, a laboratory had estab- 
lishc*U policies that would serve as barriers to the adoption of technological inno- 
vation, it would perhaps.be difficult for a linker oriented individual to'realize his 
full potential. Barriers, in this context, could include such things as failure of the 
laboratories to encourage and reward innovative. suggestions, failure of super- 
visors to recognize and accept their su.bordinates* ability to develop useful new 
concepts. failure of the organization to maintain adequate channels of communi- 
cation whereby employees* can readily bring innovative suggestions to their 
supervisors* attention, and many others. It is also- likely that some factors that 
may appear as barriers or demotivators to some individuals may not have the 
same detrimental effect on others. ^ . 

With these thoughts'in mind, the study was launched in quest of information 
thill would prove relevant to the^concepts discussed above.. 



Description of the Study 

A survey of the scientists and engineers who participated in the internship 
programWas conducted. It was. anticipated that some of the interns and super- 
visors would no longer be employed at the internship laboratories. Therefore, it 
was almost certain from the outset that it woiild be impossible to survey all interns 
or supervisors or even to obtiun a truly random sampling of the original popula- 
tion. - ^ 

With these limitations in mind the sample population was selected from the 
laboratories that participated in the internship program. The sample was not 
random in, that it was-limited to those laboratories in the California area, or 
fabora'tories with a large number of interns, and/qr Department of Defense 
laboratories that could be contacted by Autovon telephone. These limitations 
were imposed as a method of minimizing the cost of the study and facilitating 'a 
quick response. The lack; of random saniple violates a prime, requirement for; 
statistical significance implications to the total population. Therefore, the study 
team was able to apply the statistical measures only to the population of the 
sample.; -'^ . * 

A self-designating questionnaire was developed ba.sed upon a research of the 
literature which examined the characteristics and qualities of the linker. The: 
self-designation method was adopted as an effective but economic method of" 
identifying the effectiveness of the program in that the individual's perceptions are 
what actually affect his behavior. (Ref. 5. p. 216). 

Fifteen of the 72 laboratories involved in the internship -program were selected. 
These/ laf^oratories employed 137 of the 5.'S7 interns. Questionnaires were sent to 
them. iThe mailings and responses arc shown in Table 6-1. 



52 



TABLE 6-1 



QUESTIONNAIRE 


DISTRIBUTION 










Number 


Returned 


Location ; 


Sets Mailed 


Intern 


SuDervisoi 


Cold Regions Research and 








Development Laboratory 


4 


4 


3 


Brookhaven National Laboratory 


15 


9 


9 


Frankfdrd Arsenal 


3 


2 


1 


Lawrence Berkeley Laboratory 


. 9 


4 




National Aerospace Medical 








nesearcn Laooraiory . 




1 




iNauonai uenier tor 








Earthquake Research 


3 


3 


J 


Naval Electronics 








Laboratory Center 


8 


5 


6 


Naval Missile Center - 








rOini iviugu 


4 


1 


. 


Naval Ordnance Laboratory 


2 


1 


" 2 


Naval Research Laboratory 


44 


30 




Naval Ship Research and 








Development Center 


6 ' 


4 


4 


Oak Ridge National Laboratory 


12 V 


8 ' 


0 


Pacific Southwest Forest and 








Range Experiment Station 


2 


1 




Picatinny Arsenal 


10 


• 6 


9 


Western, Regional. Research 








* Laboratory 


12 


8 


9 


. TOTALS 


- 136 


. 87 
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A nimiKcr oflhc interns unci their supervisors were personally interviewed by ir 
research team member. The interviews clarilied unexpected- re^^ponses and iden- 
tified results ofllie program nDt examined by the questionnaire. ' ■: 

Questionnaires' / ^ 

Two separate questionnaires were distributed, one to the interns and the oth(^f 
to the supervisor in the'laboratory under Avhpse guidance the intern Jtvorked, 

The jntern' questionnaire was composed of 29 semantic dilTerential questions, 
directed toward identifying the" effectiveness of the program, and three open- 
ended questions dealing w^th biographical data. 

A second questionnaire in tWQ parts was intended to determine the professional 
atmos-f)here~of the laboratories as it affected the attitudes anJ performance of the 
interns and to determine 'the supervisor's evaluations of the interns' characteris- 
. tics and productivity. Fach question was associated with one or more questions in 
the intern questionnaire. * 

Results Matched to Specific Objectives 

This; section matches responses to the questionnaire with each of the objectives 
of the study. The objective'^is stated, a summary of the findings pertaining to the 
objective is given. This is followed by a summary of the responses to each qiics- ; 
tion which contributed to that objective. , " 



Ohh'i'tivv // ciLMLNMiiiiie il* flVc pa^^ lo ohlain 

eniploynicni 'ih ihcvsciLMiCLVor eiTginccring liclcls. 
Scycniy-cighl pcrcenl of ihc inlcrns strongly, agreed or agreed lhal ihc intern- 
ship helped Jhem'^obiain employnieni in iheir fields and 76'7r strongly agreed or 
agreed thifi the'/internslifp inci*eased their employment opportunity. Ninety-ibur 
percent oTthe supervisors strongly agreed or agreed that>{hey would recommend 
the interns for emph)yment. Only one supervisor disagreed. 

The number oT interns employed increased from 40 belbi'e the internship to 78 
after. Three ol'the interns went back, to school al'tcr the internship while six ol* 
them were unemployed. The total number ofinterns not holding jobs in their field 
decreased from 62 before the internship to nine after, Of those six interns who 
were unemployed after the internship; one had been previously under-employed, 
two had been employed in (heir field, and three had been in school.' 
' • Ohjcctivi' 2. To determine if the^ interns provided the laboratories with a 

specialized Jalent. 

Forty-eight percent of the interns and 469r of the supervisors strongly agreed or 
agreed that the interns provided the laboratory with a specialized talent. Forty- 
four'percent of the interns and 489r of the supervisors felt'^tha^ the interns profes- 
sional knowleilge was either far greater oi^ greater than the interns' contem- 
poraries. Only 79r of the interns and I09f of the supervisors' felt'it was less. 

'fhere was a moderate disagreement . betAveen the interns' and supervisors' 
responjjcs regarding the interns' major value to the laboratory. The interns felt 
more strongly that theirmajor value was the knowledge they brought with them to 
*lhe laboratory or their ability to develop new concepts, with 39% of the interns 
selecting one of hese responses. On the other hand, .^8% of^the supervisors 
indicated that the interns' ability to understand and use concepts already in use at 
the laboratory or to^ carry out mstructions given by others was the interns' major 
value to the laboratory. . ^ . ^ . 

Ohjcrtivc 3. To determine how long it took the interns to become productive 
members of their laboratories.* ^ ' 

Sixty-three percent of the interns ahd*5()9r oflhe su'fi'crvisors-fcit that the interns 
had become pipductivc withm two months. Only 27r of the interns and super- 
visors felt that it took the interns longer than six months to become productive. 

Thirty-nine percent of the.'intcrns and 68% of the supervisors thought that the 
interns had become productive faster than most other new members^;' 
^ ()hji'c(h'c.4. To determine what effect the internship had on inllucncing the 

interns to seek a doctorate. 
* Fifty-^six percent of the supcrvisors.strongl'y agreed. or agreed that their labora- 
tory's policy was to encourage interns to seek advanced degrees, while 10% of the 
supervisors disagreed with this statement. - ' - . 

"Of the 45 interns who did not have a doctorate prior to the internship.* 3 1 
•indicated that the internship had no inlluence upon their desire to seek a doctorate 
and. that they had already decided one way or the other. Eight interns said the 
program encouraged them i/) seek a doctorate and four .said the internship dis- 
couraged them. ' ' 

Ohjvctivc 5. To determine if the interns' salaries and advancement patterns 
were ecfuivalent'to those of their contemporfu'ies. 
TheJnterns' and supervisors' responses regarding the interns' advancement 
pattern were, quite simihn*. Twenty-nine percent of the interns and 3^% of the 
supervisors agreed or strongly agreed that the interns' advancement pattern was, 
better than their ctlntemporaries,' while 2.^% of the interns and 26% of the super- 
ivisors disagreed or strongly disagreed with (his supposition. The most l'requent 
iinswer chosen by both groups was "undecided." • • 



Sixly-thrcc percent of ihe interns feU'that their salaries were either higher or 
much higher than their contemporaries, while only 69^ Pelt they were lower. 

Objective 6. To determine if the internship increased the interns' capability 
, : Cor technology.transfer. 

Seventy-eight percent of the interns antl 80% of the supervisors agreed . or 
strongly agreed that the internship had improved the interns' technology transfer 
capahility. .while 10% of the interns and only 27( of the supervisors disagreed or 
strongly ciisagreed with this statement. ' 

Ohjcrfivc 7. To determine how technical intbrmation was transferred be* 
tween the interns and other members of the laboratory and to examine how 
information was obtained by laboratory members. 
Kifty-one percent of the interns felt that the way in which the laboratory shared 
scientific information vViis either outstanding or completely satisfactory, while 
only one intern mdicated thatlielfclt the laboratory was completely unsatisfactory 
jn this regard. Sixty-seven percent of the interns agreed or strongly agreed that 
.they were satislied with the amount of information they received about what was 
happening'at the laboratory and 60% of the supervisors cither agreed or strongly 
agrccil that the top management of the laboratory was effective in keeping the 
scientists and engineers- infortned about what was going on. One supervisor 
strongly disagreed^ that his laboratory was effective in sharing inforniatibn. The 
negative responses to questions regarding the distribution of information in the 
laboratories were generally -spread among several laboratories with only one v;e- 
eeiving predominantly ne'ganve responses. . ' 

/ Ninety-tw'o percent of thejnterns indicated that they were able tO; relate in 
technical areas with two or more other members oCth'eir laboratories, while only 
one intern could relate with no^dne. Twenty-live percent of the interns thought 
they could relate with more than six other laboratory members and several of 
them indicated that they could relate with anyone in the laboratory.' 

By far the response most- frequently chosen as the most effective way of ex- 
■^changing technical information in th: laboratory was "informai di'scussions on a 
one-to-onc.,basis" with 83% of the interjis and.56% of the ^Supervisors in agree- 
ment. Only 3% of both the intermand super\isor groups indicated that written 
memos or reports, or formal meetings were most effective. 

Fifty-nine ^percent of the interns indicated that other scientists^and engineers 
fin.)m their laboratories were their r.iajor so^^rce of scientific or technical informa- 
tion and 4S% of the supervisors felt that discussions among this group was the 
majoi method of obtaining information. Twenty-four-pen: nt of the .supervisors 
thought that disi-ussions;. belweon laboratory members and scientisfsT engineers 
and educators Irom other activities was the major way of obtaining scic^ntific 
informationv' but only or" the interns felt that this was their major source of 
information. . , * 

Most of the :aipervisors (f»-{%) felt ihxil iTthe intern assigned to him had an idea 
he thought would be useful to the- laboratory, he would be nu)st likely t(^ discuss ii 
with his supervisor and .only two si:pervisors,,:>aia the intern would write a report 
or implement the.-idea on his own authority. 

Ohjecfiyr ii. To determine if there .were Identifiable barriers to the transfer of 
technoK)gy between the interns ami other members of the laboratory. 
The majority of the interns (73%) and supervisors (60%) either disagreed or 
strongly disagreed that the paperwork requirements of tlicir laboratories were 
often unproductive. - ^ ' 

Seventy-iwo percent of ihe interns and 88% of ?he supervisors eitheragreed or 
strongly agreed that the lalTt)rattory management encouraged its members to in- 
corporate innovative ide is. Of 12 interns who disagreed that the laboratory en- 
couraged innovation, nme wcvc assigned to stablj deparimems that had few 
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chanjk'os ill scicniilic personnel. Remarks niiide hy interns during the personal 
inierviesvs shosvecl sDnie heliel* thai older, well-established departments are not as 
likely. to enev)iiratic innovation as newer ones.. > , 

l-il'ly-live pereent of the interns and 88% ol'lhe supervisors strongly agreed or 
agreed that the laboratory gave individual recognition or linancial rewards to 
niemhers suggesting nesv ideas. A much larger percentage ol' interns than super- 
visors (2y/f vs. disagreed or strongly disagreed with this statement. "'-^ 

Most of the supervisors (TiKV ) either agreed or'strongly agreed most of the 
innovative ideas or techniques suggested hy the interns were ac- epted by the 
* laboratory. Oddly, the interns who worked lor two supervisors who strongly 
disagreed that the hiboratory accepted innovative idoiis both said that all ol' their 
suggestions were accepted. 

-Tlrere sVkIs no general consensus among either the interns or the supervisor as to 
thc'priniary reason that the laboratory did not adopt all ol'their innovative sugges- 
tions. The answer most IVeiiuently given what that the.y did not meet the labora- 
iory's'necds. with 249/ ol" the interns i\ud.MY/r ol' the supervisors choosing this 
answer. ' . 

.Sixty-one percent oTthe interns and 72Cr of the supervisors lelt that the restric- 
tions imposed on scientists and engineers in incorpoi'ating new ideas were minimal 
or very reasonable. Only one superviso.r lell the restrictions in his laboratory ..wera 
excessive. 

Most of the interns (Sfi9f) agreed or strongly agreed that their .Supervisors had 
an open door policy.'There was only a mlKleratc indication that those six interns 
who disagreed or'strongly disagreed with this statetiient felt that their laboriUorios 
were rest net ive in incorpoi'ating' new ideas, did not encourage innovatioiv. or did 
not give individual t^ecognition. ^ ' • 

y Ohjcctivc 9. To, determine some of the characteristics oT the interns 
involved., or particular intei:est are those char^icteristics associated with the 
linker and stahili/er concepts described by Ci:eightoiv Jolly, lyid Den- 
ning. (Ref. 2).^' 

Fifty-tsvo percent of the interns and.629f ol' the supervisors indicated that the 
interns had supplied one or two original ideas lor projects. Six percent of the 
' interns and one percent ol'the supervisors said the interns had provided fivc.or 
moi'c origiiial ideas. . \ i . ^ 

Thirty-seven percent of the interns said they had recommended three or four 
■articles to their colleagues. 1^9/ had''no't recommended any, and only one had 
recommended six or more. , 

hil'ty-eight percent of the interns indicated that they regularly read up to six 
j-oin'nals. magazines, or nesvspapers. Forty-two percent read seven or more. Npne 
ol'the interns mdicated that they did not regularly read at least one periodical. 

Three times as many supervisors disagreed or strongly disagreed that they went 
to the intern as a frequent soitrce ol' information as, those who agreed or strongly 
agreed. The largest single grouping however was the 449/ who were undecided. 

Seventy percent of the supervisors agreed or strongly agreed that most of the 
ideas suggested by the interns svere accepted by tine laboratory while only 129/ 
disagreed or strt)ngly disagreed. | 

Ohjcctivc Id. To determine if specilic intern characieristics were related to 
therr performance at the laboratory. , ' 

It was speculated that, those interns having the strongest linker traits would 
have different performance characteristics than those with stronger stahili/er 
traits. In an effort to prove or disprove this supposition, intern questions which 
were designed to measure linkcr-stabili/er traits svere cross-tabulated svith the 
related supervisor questions svhich should give an indication of the interns" pcr- 
formance. For this analysis, only those questionnaires that provided match-ups 
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hclwcLMi interns :nul ihcir iniliv kliial supervisors wcw used. This resulleJ in a 
snhsiaiiiial icilnelion of (he sample sj/e of 31 iniern-snpervisor maleli-ups. The 
resiHis nfiliis eioss-iahnlalion slunveil no iippareni relationship hetween perfov- 
nianee^eharacteristies anillinker-stahilizer traits. 

Ne.xt, an analysis was perlornicil by eomhining the seores on seleeteil. intern.; 
ipiestions aiul ranking the interiis aecortling to total seores ohtained./Fhe upper 
; group was ilesignaieilas pot.cntial linkers, the lower group as'potential stahili/ers/ 
anil the indiscriminate middle group as neither potential linkers nor stabilizers. 
The linker-stabili/er groups were then cross-tabulated against the same supervisor 
tjuestions listed in the preceding paragraph. Again; no apparent relationship 
exisieil hetween the perlbrmance oreharaetcrisiies^and linker-stabilizer traits. 

Various other combinations ol* cross-tabulations between intern quc?itions de- 
vigncil to measrue linker-stabili/er traits and supervisor questions that indicated 
intern performance all failed lii produce any si|;;nilicant relationships hetwi:en 

the two. . ' 

\. 

Analysis ' 

The responses from the interns* and supervisors* questionnaires were recorded . 
on computer cards and analyzed by utilizing a set of computer programs called the 
Statistical Package fiir the Social .Sciences (SPSS). These progr'ams provided the 
hieans to obtaiq a timely overview of the data received. • 
I'he SPSS program was used to provide cross-iabufations, to compute values of 
. chi-sijuare and to compute Pearson Produce-Moment Correlation Coefficients. 
'Iliese three methods oP comparing responses to various eombiiiations of intern- 
supervisor questions were used to identify relationships among the quc;stion 
responses. 

The cross-tabulations simply provideil contingency tables whiCrh, although not 
particularly useful by themseives^ were the basis for the determination of chi- ' 
square signilieance levels. The chi-square signilicanee leveliirwerc in turn used to 
measure the degree of inier-dependenee between the two questions being 
compareil, * ' 

Very few of the comparisons produced a significance figure of 59^ or less, which 
was the risk level con.\siilered appropriate for, this study. This result indicjited that 
the response pattei ns t*or the two groups, interns and supervisors, were not inter- 
dependerit in general. That is, ihe two groups tended to respond differently even 
when asked iilentrcal questions. ^ - 

'I'he maji^r areas in which their answers appeared to be inter-dependent were in 
regard li^ the e\teni\if laboratory restrictions, the effect of the internships upon 
the interns* technical transfei* capability, and the propensity of the laboratory to 
encourage innovation. 

I he number of chi-square comparisons made was limited to those matchups 
^•ihal appeared io be particularly pertinent lo the study. 
* Pearson\ correlations were computed for all possible combinations 'of. intern- 

-supcrvjsor questions in order to ascertain if there were any linear-relationships - 

between the answers given by the intern.s and their srrpervisors. Those combina- 
tions that resulted in a correlation significance factor of 0.05 or less were 
examined in greater detail in an effort to determine which specific factors were * 
related. Some of the more significant relationships were summarized as follows: 

1. 'I'he interns were more likely to feel that the program helped them to obtain 
employment when their laboratories had relatively few restrictions. 

2. If the interns thought the program increased their employment opportunity. . 
the fahoratory was likely to have encouraged and rewarded innovation* and 

to have exercised few restrictions. 
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VVIu'iv (ho inlcrns felt thai the laboratory cncoiiragecl innovation, laboratory 
restrictions sserc apt to he minimal and most of tlu\interns* ideas were 
accepted by (heir supervisors. 

4'; Interns who thought the laboratory rewarded Innovation were judged by 
their supervisors to become productive J'aster than others. 

f^. The interns who svere assigned to the more stablp departments felt they had 
. a better ildvancenient pattern than their contemporaries. ^ 

6. ■ The interns who thought their superyisoVs had an open door plolicy took less 
time to become productive, had most of their ideas accepted by the labora- 
tory, -provided the laboratory with a specialized talent, 'had a better ad« 
vanccmcni pattern than their contemporaries, and were c;onsidered by their 
supervisors to have [\ greater degree of prolessionid knowledge than their 
contemporaries. 

Conclusions *• 

From, the outset: it was app-arent that the large majority of interns were helped 
by the internship program. Over half of the inlcrns remained with the laboratory 
upon complelitin of the inteniiihip^and most of the othci;s were cither adequately 
employed in their field of expertise or had returned to school. The internship 
program also gave the laboratories a unique opportunity to evaluate the perform- 
ance of \hc interns inexpensively and with a minimum of contractual obligation. 
Personal interviews with supervisors and personnel managers resulted in a cleai"- 
cut eonsensiis that they Telt the program had been really benelicial to them. In 
most cases, the supervisors would have gladly retained ihe interns assigned to 
them untler this program if furiding and personnel ceilings had permitted. 

Although the interns appeared to have provjded the laboratories with technical 
expertise they could not have otherwise aftbrded: there seemed to be^a tendency 
tbr^the supervisors to view the interns* role more as trainees or helpers than as 
research specialists. Personal interviews with some of the supervisors revealed a 
lack orctmiplete knowledge ol'the objectives and groimd rules pfthc program. In 
one case, for instance, the supervisor was. uc« notified in advance that^an intern 
was going to be assignetl to him and svas not advised of the purpose of the 
assignment . While it is not known how widespread this lack of program knowl- 
edge was. there is some evidence that better cominimication throiighoin the 
laboratories at the beginning of the program coidd have resulted in- better utiliza- 
tion of the interns* sjvills. ' - 

The ability to communicate and milize concepts that are considered technologic 
cal advances has been discussv*d as a primary characteristic required of the pro- 
gram participants. If this is so. then the technology transfer capabilities possessed 
by the interns should have been a considerable asset to the laboratories. A large 
majority of the interns supplied at least one original idea for non-routine work- 
related-projects that were completed by the laboratory, witlvniany of them prtwid- 
ing several such ideas. Additionally, it was apparent that both-thc interns and their 
supervisois thought that. the intern's technoUigy transfer-capabilitN^was improved" 
during thc-Mnternship period and this increasecl ability should prove even more 
useful to them in future assignments. 

An element that should be of considerable importance to laboratory manager's is . 
the means by which technological information is exchanged among thpir scientific 
work forces. In this ease, one-to-one discussions between laboratory personnel 
were by far considered the most effective means of.exchanging such information. 
Small info.rmal group tliscussions nearly completed the niuiiber of methods that 
laboratory personnel felt were effective devices Rir communicating technical'in- 
formation. Written reports and formal meetings were not considered by many to 



he ihc bcsl niciins of iicconiplishing this task, 'ihese conclusions result in the 
iTcrnrrcTUcni roi lalnMaloi y. nianagcis to' consider ways that technological inlbrma- 
tion can he elTcclively distrihuleil to more than one other pcrsi)n or to large 
numbers of personnel. Perhaps one answer .Jies in the iJenlilication and more 
deliberate planned use ol'liis linker-oj:iented personnel. 

Alth.ougli there are no^ scl criteria for classifying iiulividiials as linkers or 
stahili/ers. it was possible during the study to identify interns within the sanip^^' 
group that possessed relatively high degrees of linklM* or stahili/.er lendcncies» 
From the .previous conclusion, one might surmise . that the laboratories would 
havc'.used these twl) groupings of interns in different ways in order U) make best 
use of their respective talents in accomplishing the laboratories* research and 
development mission. There is. however, little evidence that the laboratories 
formally recognized the characteristics desci'ibed by (he linker-stabili/er concept 
and there did not appear to be any significant differences in the laboratories' 
utili/atioii of these two groups. 

The supervisors* evaluations of the interns* performance al.so did not show any 
significant differences but ween the linker and \tabili/er oriented groups* One 
assumption that perhaps comes too easily to mind when considering the linker- 
siabili/er characteristics is. that one'group is likely to be superior to the other in 
some of their performance or output traits. The results of this study do not 
support that assumption however and one might speculate on the possible reasons 
as .l*ollinvs: ' • 

1. ' The one-year performance period may not have been sufficient to allow the 

discriminating trails to emerge, be reeogni/ed. and be utilized. 

2. Performance is not evaluated on some unique, absolute scale, but is more an 
interpretation of the employees* performance as seen through their super- 
visors' eyes. i.e.. a supervisor wijh strong linker traits might value tt^e same 
traits in his employees more highly than a supervisor having different traits. 

. The study mav. not *have adequately discriminated between linker-stabilizer 
characteristics. 

4. *rhc interns may not be a typical group in terms oriinker-stabili/er charac- 
"■""'•-^ teristics_-._ . . 

5,.. The elapsed time 'since thaAermination of the internship program and the 
: study (ranging from one to tw'o-and-a" half year.s) . tended to obscure the 
• supervisors' recollection of the interns* performance. ' » 

The possible existence of one or more of the above factors, or some other 
unknown in 11 ucnc'iDg factor, was not included in the scope of this study and 
therefore was not investigated. 

In genei*id, there did not appear tt) be an excessive number of barriers in the 
laboratories that would tend to discourage employees from submitting innovative 
suggestions. There was some indication, however/ that individual laboratories 
that had specific types of barriers, such as lack of an open door policy by super- 
visors. w;ere less likely to receive and ust' innovative suggestions from the inlernsj 
lliis trend was not strong enough to be considered conclusive. 
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Introduction 

\Tliis paper dcsciihcs a method that has been develotietl to measure the elTec- 
liveness of a technology transfer projjiram. The method was used on an on-going 
Navy program and showed that bcnelits to Navy users amounted to ahnost $.>fbr 
every program dollar spent, The method was developed by two Civil Engineering 
Corps olTicers, LCDR Jack Hendrickson and LT Bill Fisher» and documented as 
u Naval Postgraduate School report in December 1974, It was their thesis for the 
degree of Master of Science in Management. 

The technology transfer prograpi described in this pliper was funded by the 
Naval Facilities Engineering Command (N AVFAC) and executed by the Navy\s 
Civil Engineering Laboratory (CEL) with the purpose of providing rapid response 
service on short term requests for technological assistance from Navy shore 
activities. The program is coordinated by CEL\s Facilities Engineering Support 
Office (FESO). ^ 

It is also desirable to recognize some follow-on work by Professoi* Jolly who 
was a thesis advisor for this study. He let me read a draft ofa related paper he was 
preparing and some of my wording may sound familiar to him. 

There have been various efforts to measure the effectiveness of the Assistance 
Program. However, the need for a comprehensive method of quantifying benefits 
of this program have persisted. That need has now been satisfied by the evaluation 
method developed by .Hendrickson arid Fisher, 

Outline 

To set the stage, first some background on the Naval Facilities Engineering 
Command* its R&D program and its Technology Transfer programs: Then some 
background on the Civil Engineering Laboratory, its Facilities Engineering Sup- 
port Office, and some details on the Assistance Program, This will be followed by 
some comments on the internal methods that hav^ been used at CEL to evaluate 
program progress.. Then there will be a discussion of the approaches previously 
used by the Naval Postgraduate School to evaluate the Assistance Program, Next 
will be presented the derivation of the evaluation model by Hendrickson and 
Fisher. This will be followed by the application of the model to the FY74 program 
data. Finally, the results oTcost benefit analysis performed using the model will be 
shown. By approaching the subject in this way, the plan is to give you a feeling for 
the NAVFAC/CEL Assistance Program and the environment in which it func- 
tions. With that background, the.dis'cussions that follow on the ilevelopment and 
exercising of the evaluation model will be more* meaningful and allow you to relate 
these efforts to an effort or program that you might want to evaluate. . 

Organization and Mission 

Figure - I depicts the big organization picture and the relationship of two of the 
main players, the Naval Facilities Engineering Command and the Civil Engineer- 
ing Laboratory. CEL is under the administrative control'bf the Naval Construc- 
tion Battalion Center at Port Hueneme. CEL is a detachment of the Center, but in 
R&D matters CEL operates in a somewhat autonomous manner making diVect 
^contact \vith N AVFAC and others as necessary. 

The Naval Facilities Engineering Command executes a program of Research, 
Development, Test, and Evaluation for shore facilities. Advanced Base and Am-: 
phibious Operations, Seafloor Structures, Environmental Control, and Energy 
Conservation. The part that is of interest today is related to shore facilities. 
NAVFAC's' link to the shore facilities is primarily through their Enginoering 
Field Divisions, their Public Works Centers, the Public Works Departments of 
individual Naval Acti vities, and the NAVFAC construction program^offices, the 
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Figure; 7-1 Command Ori^anization. This diagram shows the relationship of the 
Naval P^acilities Engineering Command (NAVFAC), the Naval Construction Battal- 
ion Centtr (CBC), and the Navy's Civil Engineering Laboratory (CEL). 

Officer in CTiargc of Conslriiclion (OICC) and Resident Officer in Charge of 
Conslruclion ( ROICC). (See Figure 7-2). You will see and hear more about these 
.field organizations later. 

The mission of the Civil Engineering Laboratory is a reflection of N AVFAC's 
R&D mission: To act as the principal Navy RDT&E Center for shore and sea- 
floor facilities support of Navy and Marine construction forces. The part that we 
will bejooking at is related to shore ifacifities because the purpose of the Assis- 
tance Program is to provide assistance to-shore activities. A major portion of the 
NAVFAC R&D program effort is assigned to the Civil Engineering Laboratory 
in the form of specific research pr^pjects. Figure 7-3 shows a breakdown of the 
FY197,S program by mission areas. About 65 percent of what you'see is funded by 
NAVFAC with the remainder coming from. other Navy, DoD; and non-DoD 
''sponsors. A significant portion of the NAVFAC program accomplished at' CEL 
provides R&D i*e>^^i!A}^ which benefit the Navy shore activities in efficiently and 
cflectively meetingTheir independent missions. These would primarily be in the 
areas of .Shore and Harbor Facilities; EneVgy Conservation and Environmental 
■Pollution Abatement. , I - 
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Figure 7-2 NAVFAC Relationships for Facilities Matters. The links between the 
Naval Facilities Engineering Command (NAVFAC) to the Engineering Field Divi- 
sions and other Shore faeilities activities are shown. 
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Figure7-3 Funding by Mission Areas FY 75 Energy and environment have beeome 
inereasihgly important now amounting to about one-fifth of the CEL effr^rt. Shore 
and liarbor Facilities, remain the first priority. 
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yAl present, there ure nine Naval officers/seven Navy enlisted and 300 civilians 
working at CEL. Five of the ninei officers serve in administrative and liaison 
positions. The.olher Four officers are involved in project work and the seven : 
enlisted personnel are all divers assigned to the diving locker^ The 300 civilians 
are:scienti.sts; engineers, and support persdnnel. The professional staff numbers 
abolit 1 5Q people ^ or about haff of the civilian complement, and is highly qualified 
>ifi a large number of engineering and scientific fields. A tabulation of GEL disci- 
plines is shown as Figure 7-4. This variety of disciplines makes our title of Ci vil 
Engineering Laboratory somewhat of a misnomer, but it's also what makes the 
Assistance Program work. This breadth of knowledge coupled with the profes- 
sional experience of the staff makei; a good combination for being responsive in a 
variety of subject areas. The professional staff is of very high caliber. All hold 
degrees, with over half holding masters degrees and another 20 percent with 
doctorate degrees. 



SCIENTISTS 

BIOLOGIST 
GEOLOGIST 
CHEMIST . 
METALLURGIST ' • 
PHYSICIST 
OCEANOGRAPHER 
MECHANICAL OPERATIONS ANALYST 
SANITARY ' MATHEMATICIAN 

~ Figure 7-4 Navy'is Civil Engineering Laboratory Disciplines. Even though the name 
and mission emphasize Civil Engineering, it is necessary and desirable for the labo- 
ratory to have engineers and .scienti.sts that are qualified in a wide range of discip- 
lines. . ■■ "/■■ 



To round out the CEL/picture. you need to know how we are organized and 
where the Facilities Engineering Support Office fits into the organization. This is 
.shown in Figure 7-5. W.e have a military Qfficer-in-Charge and Assistant Officer- 
in^Charge and a civilian Technical Director. A number of support offices service 
the proressionalstafl^which is divided into four departments and offices displayed 
alongjhe bottom. These are the people who actually provide assistance to people 
in the field. The- l7acilities Engineering Support^ Office, the official title for the 
one-man liaison office: is located as a staff to theVechnical Directorto have easy 
^acce.ss, to any part of the organization. The FESO. was established in June 1971 to 
emphasize management's desire to focus attention on the Assistance F^rogram and 
to ensure the l/aboratory responsiveness to field needs. Its primary functions are: 
Toact asa pomt of contact for liaison with the held. To coordinate the Assistance / 
Program. Ttlidentify user needs and inlluenccthe on-going research programvand ' 
To insure the; application of : ^i:l\s..The Assistance program is a NAVFAC- 
I undcd piyigranv operated by ( • The program has been operating since 1963. 
but without the focus and coo; (ion that was provided starting in 197 1 . ; 
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Figure 7-5 Internal Organization of the Navy's Civil Engineering Laboratory. The 
Facih'ties Engineering Support Office (PESO) is shown as a staff function to support 
the Technical Director, It serves as a liaison between the Field Engineering Offices of 
NAVFAC and the departments of the laboratory. 



Assistance Program " . 

. Here is a brief summary of.the Assistance Program and the part played by the 
PESO office. A man in the field with a problem or a need for information relating 
to new materials, equipment, techniques, and maintenance or construction-proce- 
.durcs requests assistance from the Laboratory. The PESO provides the neces- 
sary liaison and coordination to ensure that he gets a quick answer, at no cost, 
because the program is prefunded by NAVPAC. The Assistance Program in- 
volves efforts to directly transfer technology from its origin to its usage in re- 
sponse to specific situations or problem areas that are brought to the attention of 
the PESO by potential users in the field. Action starts when someone in the field 
makes, a request for assistance. This efTotl of , PESO is shown by Pigure 7-6, 
. Another NAVPAC Technology Transfer program is called the RI3T&E Liaison 
Program. This is shown schematically as Pigure 7-7. In each of the six EPDs, an 
RDT&E Liaison representative has the collateral job of providing liaison between 
NAVPAC and'the field in the R&D area. They transmit to NAVPAC expres- 
sions of need for R&D in specific areas based on field needs they see. They also 
pass the results of R&D related to field problems, and needs, to people in the 
field. These are the same field people that the Assistance program serves: The 6 
EFD^- themselves, the 9 Public Works Centers, the Public Works Offices at 180 
odd independent activities and 83 NAVPAC construction offices/Both progr^ims^ 
are trying to'help the same -people, although in different ways. This results in a 
multitude of communication channels. 
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Figure 7-6 Field Needs and FESO Action. The FESO acts as the liaison in terms of 
assuring quick answers to field needs. 

Evaluation of Assistance Program - • 

As a prelude to the evaluation work done by the Postgraduate Sehool* Figure 
7-8 gives some highlights ofthe Assistance Program. as measured by -CEL. Since 
the Facilities Engineering Office was established in 1971. we have been measuring 
•progress or usage by two main parameters: Namely, the number of requests we 
receive for assistance and the number of activities that request assistance. 
Growth in usage ofthe Assistance Program has been. encouraging by both mea- 
surements. 

The subjects of these Assistance requests are as varied as the disciplmes of our 
professional staff. Figure 7-9 shows the subject area and the relative percentage 
of importance for the FY74. The top subject area of paints, coatings and chemi- 
cals has been consistently aroimd 259f for the last three years. The energy area 
was a new entry for F'Y 74. Almost half of the requests come from the Public" 
Works Offices. When we started keeping track of the program* the bulk of the 
requests were coming from the Engineering Field Divisions, but that trend re- 
versed several years ago. Figure 7-10 is a graph showing the. number of reques^ts 
for assistance made to the"Navy*s CEL by each ofthe activities. The FESO 
^'laims thai it is easy to reach, right at the other end of the telephone. In fact* the . 
telephone is equipped with a 24-hour answering service. The telephone must be 
satisfactory for requesting technical assistance be,cause76 percent ofthe requests 
received last year were received by telephone. 

A natural question at this point might be — How fast is our quick response 
service? Our scorecard is shown on Figure 7--II. Over half of Jhe requests re- 
ceived in fiscal year 1974 were satisfied within a week of receipt and a total of 75 
percent within a month. People just aren*t accustomed to thinkinu of this kind of 
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Figure 7-7 NAVFAC RDT&E Assistance and Liaison Programs. The Liaison activ- 
ity forms a three way communication network that ties together the NAVFAC, The 
Niiyv's CEL and the Engineering Field activities. 



reaction lime when lhey think iibtml a research laboratory. It is the way to assure 
continued use of an assistance program. 

What benelit is there in all of this for the user? The measures CEL normally 
uses speak to system usage and response time. Increased activity and rapid re- 
sponse time are both good — but they do not measure the benefit to the user. In 
response to a NAVFAC desire'to measure these benefits, and to measure them 
quantitatively, the Naval Postgraduate School started looking at the Assistance 
program in 1972. An. effectiveness questionnaire was developed and was com- 
pleted by the EFD liaison representatives for the requests that originated from the 
EFDs. The evaluaticMi process was continued the next year for the FY 73 Assis- 
tance Program with a slightly modified questionnaire which was again completed 
by the EFD liaison representatives for the requests that came from their EFD. 
Evaluation of the returns from these two years of evaluation yielded a variet^y of 
interesting statistics and trends, but the most dramatic result was the realization 
that a better ir.ethod.of measurement of the, benefit of this type of information was 
necessary. The evaluation of benefits using the questionnaires w.as too restrictive. 
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Figure 7-8 Activity Requests by Year from Field Organizations. The trend toward 
more use ol* the Navy's CEL is shown by the increase in the number of service 
requests from the field to the laboratory. 
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Figure 7-9 Subjects Covered by Requests. Thti requests for information originating 
in the field and sent to the Navy's .CEL tend to cover a very ^ide spectrum of 
subjects^ 
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Figure 7-10 Source and Number of Reqiiests Sent to FESO. The Public Works 
Oliices and the Enj»ineerinj» iMeld Division Offices together account for over 80% of 
all requests^ for assistance sent to the Navy's Civil EnKineefing Labonitory. 
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Figure 7-1 1 Response Time to Requests for Assistance. The Navy's Civil Elngineer- 
. ing Laboratory has been able to respond to. 57 percent of the requests received in 
seven days or less. 

It only permitted benefits to be classified into two main categories: Specific dollar 
sayings and intangibles. The.net effect was that the intangible benefits were sev- 
eral times larger than the benefits quantified in doMars. The intangible benefits, 
which were not measured, far outweighed the measuVable benefits to the point 
that it was believed that the Assistance program benefits were not being accu- 
rately measured. It made the need for a better method of measuring benefits even 
more important. 

Improved Measuring Methods 

If the analysis were to have real meaning, the intangibles or unmeasftrable 
category would have to be narrowed. to a level where its uncertainly did not 
overshadow the measurable category. Figure 7-12' depicts the objective of th^. 
Hendrickson and Fisher study. One way that a more accurate measure of benefit 
could be achieved was to extend the survey to include more of the field requests. 
The 1972 and 1973 surveys were limited in scope, the 85 and 104 requests sur- 
veyed in those yoyrs were from the Engineering Field Divisions only. This did not 
give a representative sample of the total population- Figure7-13 shows the detail 
of the sources of requests* for assistance. 

Only a small fraction of the requestors that completed the questionnaire were 
-willing to assign a dollar value to their use of the CEL assistance. In FY72 only \2 
of the 85 requests surveyed, or 14'/2 percent, gave dollar values. It was somewhat 
better in fiscal year 73 when 30 percent gave dollar values. Even so. it was felt that 
the true value of the benefits were not being evaluated by the questionnaires that 
were being used. For the FY74 survey.. Hendrickson anJ Fisher selected 295 
requests for analysis, thus extending the survey to include all of the field requests. 
A revised questionnaire was also developed. Again the EFD liaison representa-' 
lives completed questionnaires for the requests that had come from the EFDs. 
Information on the remaining 190 requests from PWCs. PWOs. OICCs, and 
RQICCs were uathered via telephone by researchers at the Postgraduate School. 
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Figure 7-12 Total Current Benefit FY-74. The Hendrickson and Fisher Study had 
the objective to increase the accuracy of the measurable benefits from assistance 
requests received by the Navy's CEL. , 
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Figure 7-13 Source of Requests and Number Surveyed. In ^'¥-72 and FY-73 the 
survey was limited to the EFD's. The term ''Field" includes both EFD's, PVVC's,- 
PVVO'.s, OICC's, and ROICC's. 



The same questionnaire was used in obtaining information over the phone as was 
used by the HFD representatives. 

. Before the revjsed questionnaire was developed and used, Hendpickson and 
Fisher did some deep tiimking about why the last two surveys had not given the 

^ desired information. One of the'tirst things they recognized was that by looking at 
current benefits they were only looking at part ofthe picture. There were actually 
two kinds of benefits: PRESENT AND FUTURE. The current benefit of the 

. Assistance Program is that realized , by someone in the field as a result of the 
assistance provided in response to their request. It was decided to limit the study 
to current benefits as had been the case in the other two Postgraduate School 
studies. However, in passing, some attention was focused on the fact that the 
Assistance Program would produce future benefits. The primary benefit was 
through this e.xposure to field problems, CEL's ongoing resemch program would 
become more aligned to the real needs of field users. Thus common problems,, 
those faced by a number of Activities, would surface soonerand solutions to these 
problems would become available at an earlier date to provide the basis for 
improved efficiencies and performance. 

, Probably the^most important thing to recognize was that objectively quantifying 
the benefits of the CEL Assistance efforts would be highly subjective and lead to 
varying results. For example, the benefit of a specific recommendation to solve a 
particular problem can easily be quantified if it will reduce out of pocket expendi- 
tures to achieve identical results. Quantifying benefits derived from one piece of 
information which is only part of the total information, required to arrive at a 
decision, involves a greater degree of subjectivity. At the extreme end of the 
scale, quantifying intangible benefits such as increased morale, safety and general 
information would involve the most subjective measurements ofall. in essence, 
any attempt to quantify the.benefit of information. is necessarily highly subjective 
and recognition of this fact was an underlying consideration in the development of 
a new approach. 

New Approach 

The major issue in evaluating the benefit from a technical recommendation was 
to develop a categorization process. A system was needed that would provide an 
organized method of testing to see whether or not a benefit .resulted,, and if a 
benefit resulted, then to what extent the recommendation was responsible for the 
final benefit. The categorization system developed for evaluating benefits looked 
like Figure 7-14. The first thing to find out was whether or not the requestor 
(Considered that the assistance he received was in any way beneficial. This infor- 
mation was obtained by revising the questionnaire and placing this straightfor- 
ward question at the head of the list. 

Assuming that there was perceived benefit — the evaluation continued. The next, 
three steps in the categorization process looked into: ( I ) The type of assistance or 



Q —BENEFIT? YES OR NO 

—TYPE OF INFORMATION 
—% CONTRIBUTION TO DECISION 
—PROBABILITY OF IMPLEMENTATION 
. , * —ESTIMABLE? YES OR NO 

Figure 7-14 Evaluation of Benefits. The levels of catcgpri/ation are shown. Each 
request for assistance could be .subjected to evaluation by determining the answers to 
the questions shown. 



inl\Minalion pro\ iJcLl.j2) A tlclLM*niinalion oi'lhc pLM*ccniagc ofconirihulion of lhc 
reconimciuliilion U) ihc linal project decision, and (3) The likelihood lhai ihe 
projcel would be implemenicd so thai the assisiance \vould aciually produce a 
bcnclil. The lini^tl sieps in I'lie process were lo delermine whelher or noi a specific 
dollar henclil could be eslimaled and calculate the acuial-benetil. 

• I he ihrec central steps in the process will be discussed in a little more detail 
before exposing you to the whole model. 

(iri VIM- OF INI OkMA I ION 

The evaluation with regard to the type of inlormation was lairly straight- 
forward. The choices were whether the information was general in nature, so as to 
have no immediate value that could be identified, or whelher the information was 
specilic lo a project or use and therefore of current benefit. 

C) PKkC KN'f CON fKIBUTION TO DHCISION 

1 "he next stage in the evaluation process was to determine whether the specific 
information was essentially complete and self-contained in terms of influencing a 
decision to do something, or whether the information provided was only part of 
the total inrormalion used lo arrive at a decision. In^hese cases where the infor- 
mation was complete • 100 percent credit for the benefit was allocated to the 
Assistance Program. WhCrb the information provided was used in conjunction 
with oilier information already .available to the user, an information percentage 
factor was used which varied between 1 and -99 percent. The factor was deter- 
mined on an individual case basis, ^ 

'I'he assigning of these information percentage factors was recognized to be 
subjective. ^md not wholly accin'ate. but certainly more correct than giving the 
.•\s.sistance Program 100 percent credit .for information which was incorporated 
with other information already known by the requestor. " * 

(V) PkOBABM ITV OF INIPl.HNIHNTA'I'lON 

This stage in the categorizaton processs involves the determination ofthe prob- 
ability that the recommendation or information provided would be implemented. 
Here, results that were considered beneficial were classitied into one of the. four 
categories shown in-Pigin*e 7-l.s. Probabilities were assigned to the last three 
categories based on the experience of the investigators. The first category needs 
no factor since implementation represents 100 percent cretlit for the Assistance 



PROBABILITY OF IMPLEMENTATION 

RANGE^ MEAN 

IMPLEMENTED 1.0 ' 1.0 

PLAN TO IMPLEMENT 0,4-0.6 0.5 

.DELAYED PLAN (TEST) 0.2^ OA 0.3 

JDELAYED plan (STUDY) 0.1 - 0.3 0.2 

Fi}»iire 7-15 Probability of Implementation. The assigned probability was ba.sed 
iip<»n tlie action plan. An implementation plan was assigned a probability of* 1.0 
while a delayed study plan had a low. probability of 0.2. 
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Program. The least siihjcclivc category, where there was a definite plan to imple- 
ment the inlbrniation, was assigned a probability of .5. It was felt that this esti- 
mate could be inaccurate to the degr(»e that figures could vary anywhere in the 
range of .4 to .6. The last two categories involved "ifs**. The project would be 
planned for implementation if tests proved successful, or in the last case, if studies 
showed this to be the proper course of action. Probabilities of implementation 
were determined in a similar manner to those for the planned projects. The subjec- 
tivity of the estimates increases and therefore the probability of implementation 
decreases as you proceed from plans to test to study. ^ 



Model 

Now that the basic parts of the model have been presented, it is logical to 
present the complete model. This is shown as Figure 7-16. Everything except the 
heart of the benefit analysis, dollars, has been discussed. Consider those cases in 
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Figure 7-16 Benefit Evaluation Deci.sion Model. Starling at decision A, a series of 
decisions are shown that make it possible to evaluate the dollar benefit of the answer 
to a technical question .supplied to an engineering organization by a research labora- 
tory. 
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the bottom row wheM C a YKS indicates that a clollar estimate of benefit is possibie. 
That's the odd numbiV's^l, through 7. If the estimated savings were of the one 
lime type, the amount identified was used as the project benefit dollar base. If the. 
estirhated savings were of the reoccurring type, then the present value of the first 
five years of savings was used as the project benetfit dollar base. The benefit 
creditcdrto the Asj^istance Program in both cases was the project benefit dollar 
base reduced as necessary ".by the factor for information contribution and the 
factor for implementation probability. The cases where NO indicates that a dollar 
estimate of benefit is not possible, which are the even numbers from 2 through 8, 
represent recommendations which did not result in specificajty identified dollar 
savings. These generally fell into areas where the benefit was in the form of 

... improved operations, better morale, increased safety, improved quality, etc. In 
the I^Y72 and FY73 surveys these benefits were left as unquantificd intangibles 
and they outweighed the measured benefits. But with the exception of information 
Which fell into the general category that was not quantified, that would be number 
9 in the upper left area, each response to a request should have an identifiable 
benefit even though it may not be readily quantifiable in terms of direct dollar 
savings. Each response to a request could in some way be identified with an 
implemented or proposed project, the magnitude of which was normally relatively 
easy to estt'mate. ^- • < . . 

In FY 74,100 of the 295 requests evaluated fell into this inestimable category. 
For these cases an. additional factor, a benefit percentage factor, was applied as a 
further reduction. The assumption accepted at this point is that in*order to commjt 
funds to a project, a decision maker must, whether he recognizes it or not, expect 
a return in future benefit which is some percentage greater in present value than 
the initial outlay. This percentage would vary from decision maker to decision 
maker. Even though the investment return would be expected to. vary, it is as- 
sumed that the quality of the decision maker who decides to implement'a project 
bused on supplied 'technical information, would be such that the results of his 
decisions over the long run would yield a positive benefit. It appeared that a 
reasonable value for this factor would be 0.1 or 10 percent. This would be (he 
minimum rejjLirn expected. For example, take the case of a modification to an* 
existing piece of equipment which would result irTsome unquantifiable benefit. In 
this case, the project benefit dollar base would be the cost of the modification. The 
benefit credited to the Assistance program would then be calculated by reducing 
the project benefit dollar base by the. 10 percent benefit .factor as well as by the 
necessary factors lor information .contribution and implementation probability. 
One of the most complicated examples would be the case where a piece of equip- 
ment was due to be replaced umd !he information provided by CfEL caused the 
replacement to be accomplished through the procurement ol' a different type of 

_item which, was more beneficial. Assuming the cost of the replacement item was 

• essenliallv-the^^^^^^^ as theT)riginal, use of jhe total procurement cost as the 
project benefit dollaTba?;e would_be clearly inappropriate. On the other hand, use 
pf a zero benefit would be just asnhTfppropriate,,,Jj is obvious that some value 
between these two extremes is more accurate. — 

Each case . like this .was considered individually and a value for fhe'^projecL. 
magnitude, betwec ^hese two valups, was chosen subjectively considering to 
what extent the nofi-dollar benefit -of the new type procurement increased relative 
to the total benefit which would have accrued by replacing the item in kind. The 
percentage increase in benefit was applied to the cost of the procurement and that 
figure used as the project benefit dollar base. Again, the benefit credited to the 
A^ssistance Progranr was calculated by reducing the project, benefit dollar base by 
applying the 10 percient benefit- factor as well as by the necessary factors for 

'inforrnation contribution and implementation probability. 
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Quantified Benefits FY 74 

-.Applicalion ol'lhc nuidel lo the 1974 sui^vcy data produced the benefits shown in 
Figure 7-17. Of the 295 responses surveyed, 233 indicated thai the requestor 
"Considered thai he had received beneficial information or assistance Thai is 79 
•percent, a very satisfying number. There were 62 cases indicating that the request 
yielded no beneficial information. 'Koweverv4imong these were 40 cases in which 
extraordinary circumstances indicated that the casevTshouldrnoLbj?^ included as 
zero benefit requests, but rather-should be eliminated from the sanipje"fbr pur- 
poses of cost benefit analysis. These are^shovwn as not counted. That leaves only 
22 cases where requestors said they did no't receive any benefit. 
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Figure 7-17 Quantmed Benefit.s for FY-74 FESO Operation. Dollar benefits are 
shown according to benefit code, TJie dollar benefit.s are calculated using the Benefit 
Evaluation Model. v 



The remainder of the table shows the benefit:code numbers which correspond , 
to the numbers we just talked about on the model, the number of requests, and the. 
total benefits ciilculated for eaqb benefit code number using the factors preViously- 
presented. Ajthough three values for benefit were developed for 6ach benefft 
code, only t'he mean values are listed for clarity. Note that there are still 82 
unquantified requests in the general information category. Although the requestor 
said he received benefit, no effort was made to establish dollar benefit value for 
general information which may have been filed for future use. 

Cumulative Benefits 

' ■■ ■ , -' • ^ . 

A cumulative plot of all the information developed is much easier to look at and 
some'interesting observations can be made. This is shown as Figure 7-IS. The 
curves graphically s1iow that .Is the bpnefits of a greater percentage of requests in 
the sample are quantified, the t'ptal e/timi»te of cumulative benefits becomes more 
subjective. The vertical distance btMween the HIGH and LOW curves at any 
point on the horizontal scale represents the rang*e within which the estimaie.s 
could reasonably be expected tt) vary'due to differing personal values of es- 
timators and decision makers. The curves also tend to intuitively verify the appli- 
cation of the model. Th'e benefits from the highly intangible cases, like .benefit 
codes 7 and 8 are less than those from the tangible ones, like codes I and 2, as. 
indicated by the slope'of the curves. Since the original objective was to quantify 
benefits in terms, that are easily understood and appreciated hy management, . 
dollars that is. what does all this mean? ^ 
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Fij«ure-7-j8 Assistance Bcaic'its vs Number of Requests Ordered by; Probability of 
, Estirniite. This fimirt* shows the curves of quantified benefits utili7ing-.hi^h, mean, 
and U)\y probahihty of implementation. The slope decreases and the rahge of accu- 
racy widens as ftrl'ater numbers of requests in the sample are quantified. 



^;Return 

TKc henelils dividecl by the cokIs gives the benefit per dollar spent'. This is 
shown in Figure 7-19. Very simply stated, for every dollar we spent on the 
Assistance. Progran) in fiscal year 1974. some user in the shore facility community 
. rcafeed 53.72 worth of benclit. 



RETURN 



BENEFIT (MEAN VALUE) 
ASSOCIATED PROGRAM CX)ST 



$397,267 



8146,093 



2.72 



--Figure 7-19 Program l^eni?fit to the Navy. When the total dollar benefit Tor FY-74 
■ Is divided by the total program cost lor FY-74 it shows a benefit to the Navy of* $2.72 
for each dollar spent. J"? . 
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Benefit fronds 

■ One more interesting thing that svas «!;mic j>s part of the FY74 survey was to 
lake a backward look, at the FY?: and F ilata. Tho rY72-and FY73 benefits 
wereclassifiedils largely intangible anc« the inVangi!^ a ere not measured. As 
such they far outweighed the measurable benefits such that the Assistance Pro- 
gram looked like a losing proposition^ when intuitively this was not the case, A 
backsvard look al benefit trends using the . methodology developed by Ht^n/ 
drickson and Fisher produced different results. The benefit trends for a three yc:i^ 
period arc shown as Figure 7-20. The first thing that should be noted is that 
benefits using the FY74 surveyimethods'are abotit 3 times larger than those using 
the FY72/73 survey methods. What this means is that the results in 72 and 73 were 
understated at about one-third of their value. If you notice that the FY 74 dollar 
benefit is much smaller than previously shown» it-is becauseMo do this trend 
analysis certain extraordinary benefits were eliminated from the projections. 
There was one instance of a $150,000 saving in FY 73 and another in FY 74 that 
amounted lo almost $188,000- that were not included. Also these FY 74 benefit 
figures-were developed u.sing an adjusted 40 percent sample to match the size of 
the saniple' that was surveyed in 72 and 73. 
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'FY~72 ' FY-73 .FY-74 



Figure 7-20 Assistance Benefit Trends (thousands of dollars). The bar graph shows 
the Navy's CEL assistance benefit using ( 1 ) estimates of the requestors and (2) using 
estimates from the Benefit Evaluation Decision Model. 

Summary ' . ' 

. ^ This stiidy has carried the cost/benefit analysis beyond the usual comparison of* 
numbers of requests, response time and estimates of tangible benefits. A benefit 



evaluation ticcision nuulct was introduced that pi'ovided the means ol'categorizing 
> technical inlornuition and reconiniendations. The model considers both tangible 
and intangible benefits. After the technicar inlbrmation or recommendations arc 
categorized and a project dollar benefit. base assigned^ the doMar benefit is ad-- 
ju'shjd according to the percent ol influence it had upon the projcct-and the likcli- 
hixx! that the project would be implemented. 

When the model was used to evaluate assistance responses over the hist three 
years a noticeable increase in benefits was apparent. The evaluation of the FY 74 
Assistance Program showed a return or S2.72 for each dollar spent, 

Conclusion 

This study demonstrated that it is possible to quantify meaningfully, in dollars* 
. ' a significant portion of the benefits of technical information and a.ssistance that are 
often identified as intangibles. This benefit evaluation decision model should be i-s 
useful in evaluating the benefits of technology transfer and utilization in other 
organizations as it has been in the Navy's Civil Engineering Laboratory. 
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Il*s a pliMsiire !o be here this afternoon to he able to report on some research 
that we think is very interesting and hopelully will have some lony term benelU^, 
Before I become involved in the details of t lie research I do have some concerns 
that I want to express. When one gets into the area of research that involves a 
behavioral change and the measurement' of organization performance it is cer- 
tainly appropriate that one proceed very cautiously; At this stage it is very early in 
our research. Our lindings have no! hcen \alidated. In fact, our fmdings should be 
considered tentative and unprovcn at this period in time. 

This is the one paper presentcn uuiay in which there has been no prior pub- 
lished article, thesis,* or report/This is mirinly true because this research is in the 
early stages. 

In order to fully understand the research work that I wish to discuss it is 
important that we have a common understanding of what is meant by technology 
transfer. Going back to Gilniore's ( l%9)' delinition as the reference point \ve lind 
that technology transfer i \ _ • 

— a purposive continuous effort to move technical devices, ma^tcrial, 
methods, and/or information from the point of discovery or development to 
new users." 

One main emphasis that I like to place on technology transfer is that it is a new 
use of existing information. It is not important whether the idea is new, only that it 
is new to the person adopting it. This is the important as^pect. 

Another main emphasis that I would like to place on technology transfer is that 
wc analyze what we are. really trying to accomlplish. To /nake.'niyself clear, I 
s.hould like to go back to the definition of diffusion. This may "give a worthwhile 
insight. Diffusion is the historic unplanned movement of technological devices, 
material, methods, and/or information from the point of discovery or development 
to a new user. • _ 

In the &d>c of diffusion there is no focused effort to cause the transfer function 
to take place. - 

It has been published in the literature, and many of you know, that the diffusion 
process on the 'average takes about .30 years. It is very slow. Stated in another 
way. only about 39f per ^^ear of new technology moves to secondary users unless 
there is purposive effort. F^ecause of this there is a great need for us to do some- 
thing to speed up this process. ^ . 

The third major emphasis that I would like to make conccrninii technology 
transfer is' that it is a social process*. This is illustrated in a statement by Havelock 
MV7I):-^- • - . . 

''The transfer mechanism is not merely a series of communlcalion channels 
through which information Hows. It is a complex mechanism which involves 
the interaction of people." ^ 

This in no way detracts from the necessity or importance of documentation or 
distiilnition. 1; go'^s beyond documentation and distribution to the extent that 
Icchnv^l >gy transfoi is also a people oriented concept. \ 

The oby .t»*' of the research that I will present here is to attempt to measure 
the diifcr. v.c ?s in performance between oi'ganizations that accept technology 
nu)\ ^nvi'w r.i 'flili/ation 'mply as a diffusion process as contrasted to organiza- 
tions tn;.: -liik' a purposive "onscious effort to communicate and utilize 
knowledge. - ^ • " - \ 
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Our tlosiro 'Vi\< lo sec if il was possibli.' lo ilincrLMitialc between two organi/n- 
lions vt:iili (!jesv clilTcivnl churacteristics. 

» Harlier \n iJjc moniiiii: there wits a piv mentation by Mr. Essogloir' that dealt with 
iho 'link '/CD, jeep'.* Ii vsas interestingthat the results he reported indicated that in 
lac- t ' IS very little dilTcrcnce in the distribution ofthe number of linkers or the 
. nu; • r siabili/ers in any large organiZtUiori. With this in mind, one wonders if 
it is -.ihle to identify dilTcrenccs in characteristics between large organi/.ations 
thai !jl be elTcctive in terms of technology transfer and those that might be 
: U' ■ ■ x'ly ineffective/ 

• ,is slu<.ly is intended to evaluate this organization ilifferencc. The presentation 
Oi tlic research study will be ordered as follows: 

(. A review ofthe factors that are important in enhancing technology transfer. 
. 2. A discussion ab()ut the development of the instrument for measurement of 
the selected characteristics of an organization. 

3. A discussion of the results of the measure,nients, 

4. A summary and interpretation, 

I will be able to "go through the model of technology transfer, l-igure 8-1, very 
rapidly. Vou remember that Mr. Essoglou ' used this model in his discussion. He 
talked about the transfer mechanism and the concept of movement of technology 
from the source to the user. This model was developed first by studying the 
literature. The literature 'search gave us a relatively long list of (actors that are 
important in terms of enhancing the movement of technol* gy'from the source to 
the user. The large list was then distilled by using a modified Delphi process to 
arrive at the nine factors that you see in the model. ^Because of time limitations it 
woukl not be desirable to spend very much time talking about each element ofthe 
model, but in order to undcrstantl the research that I aiii going to'discuss. some 
appreciation ofthe definition and scope of each ol'thc nine factors is important.. 
> Factor I.. The method of information documentati n. Documentation deals 
with how the technical information is recorded and presented. Information 
tlocumentation can he rated by considering the format Used, how the material is 
organized and the complexity ofthe language. It is also necessary and desirable to 
design the tlocumentation such that It is relatively eiis^; to index and/or include in 
technical search systems. 

Factor 2. Distribution. The distribution as considered for this model is the 
physical channel through which technology flows. It involves both the number of 
eniries and case of access as well as the formal distribution plan. Distribution of 
technical information includes formal distribution lists, nttWi^i»f'ons in journals, 
presentations at symposia and conferences, and person-to-person exchange. 

•'Factor 3. Organization, 'f his is the receivers perception of his formal organiza- , 
tion. When trying to evaluate the formal organization, in terms of its influence on 
the utilizatior^)f technical information, it iS useful to consider the infra-structure 
elements such'as the power striurture. the nature ofthe business, the management 
style, tlie resources avaiiablo. the. attitudes :6f management, the amount of 
bureaucratic tendency and the .staoility ofthe organization; , 

l^actor 4: Project. ^vThis factor refers to the users input tb. the selection of 
research and development projects^ For effective research utilization, the client 
or potential chent shoiiUI have an open communication channel to the researcher, 
'f'he client or potential user should have somcT influence on the selection and 
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Sereclion Process for Projects pp^. . 
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Credibility as Viewed by 
the Receiver 
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Perceived Reward to the 
Receiver 



REWA 



Willingness to be helped 



WILL 



Tfie model may be expressed in equation form such that: 



L, 

Where 
L, 



",Ck 



Lmker index for an orgintzation , 

A measure of factor utllizahun. range 0-7*-1 

A measure of the factor -contribution. ^Ck 1 



I;.i>»ur€ !*-:»di the iVIoflel of Teehnoloj^y Transfer. The linkinj; nieehanism 

^necessju \ {»> ichit t elTecli>e teehnolo^y transfer is deserihed hy identifyin^ the 
"liiefors th.u rv.al ri'vVjti to movement of technoloj^y fionrthe source of kno>viedgc 

(supi* i'^ r ui«fi/iition »'»f knowledge (iiscr/reteiver)» \, 

approval 01 projects. In paMiciikii*. potential uslM' monitoring and consulting can 
he impiHtant in iletermining fiiti re uiili/ation of the research output. 

I'aclor .>. Capacity. The eapticily of the user W utilize new and/01 innovative 
itieas covers a wide spectrum oftraits including venturesomeness, wealth, power, 
education, experience, age. s(pir-conlidence, nnd cosmopolitaness. These traits 
are measurable and their relative strengths can rc . eal the potential capacity of an 
individual >viihin-*a user organization to utilize available technology. 

1 aclbr 6. I.mker. The concept is that a person, referred to here as a linker, 
operates as a coupi^ig device between the source and user of available knowl- 
edge. The concept, as described here, is that a linkei3(person) functioning within 
the user's organi/alion would exhibit identifying traits and characteristics similar 
10 those of tile gate-keeper, opinion leader, innovator, and early knower of an 
innovation. The linker is often the intermediary in the technology transfer process:^ 

Factor 7. Credibility. Credibility is an assessment of the reliability and accu- 
racy of the infortnation as perceived by the receiver. Credibility is a function of 
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Ijic pcrccivcil ivliiihilily luul accunicy ofholh the source luul the channel ihrough 
xvliich ihc inlortniilion lloss s. The exicni oruse iinti the riilca)!* atlopliny research 
oulpiil correhjik?s ssiih the creihhilily ol'lhe aviiihihie lechnoloyy. 

l aclor S. Rewaril. kcwiirtl. as referrctl to in the moilel. is the perceivcti anti 
actual recoynilion ol* innovative hehavior in the social system of which the indi- 
yiilual is a niemhcM'. Rcwanl can he consiJeretl to he tlivitlctl into two broati 
categories. The (H st category is intrinsic to the work itself. Uxamples 'of intrinsic 
reward are the oppi^.tunity to use skills, to gain new knowledge, to deal with 
challenging prohlems ami to have freedom to follow up ones own ideas. The 
second category deals svith extrinsic rewaril, Hxtrinsic reward \s related to salary, 
administrative authority, association with top executives and'similar benefit.s. 
Both intrinsic ress anl ^md extrinsic reward are important in inlluencing the utili/a- 
lion of nc a.ndA)r innovative knowledge. 

l-actor V. VVillingncss, A'Sv-areness. even (irst hand knowledge of a new and/or 
innovafise idea, is not suflicient'to assure its use. There must be a willingness and 
•interest (or perhaps a better ilescription is an internal motivation) to utilize a 
better method, process orconcept. Willingness is a very personal element, yet it is 
often a critical point in the transfer and utilization mechanism. 

Although this introduction to the nine elements of the technology transfer 
moilel. of necessity, has been brief, it does provide a foundation for the discussion 
that will follosv. 

What has been 'done then is to use the theoretical material that has been dis- 
cussed as ,1 means to look at an organization. The objeclive is to lind out how an 
organization perlorms in terms of each ol'the nine factor areas of the model. 

In order to get at the problem, sevend organizations that were similar in that 
they had a large nuniher of graduate civil. engineers were selected to be studied. 
The organizations svere: Two public works centers of the Navy: one Naval Re- 
search actis ity; a department of the State of California: a l^rge private engineering 
company: a consulting engineering group, and live lield engineering divisions of 
.-the Naval Facilities Hngineering Commarrd. This gcivc a total of eleven organiza- 
tions. " , 

The selection of the orgaiV /alions was intended to provide some data from the 
Keileral sector and some data from the private sector, Each iif these organizations 
is maiie up of a large number of professional type people most of whom are 
graduate cisil engineers. 

A point to make at this time is Hutt it is .nuch too early in the study for it to 
rc .eal specihcally svhich organizations are either good or had. In fact, the onl; 
pci on that Aviiuld be considered eligible to receive the scores would be the direc- 
>r commander ofan activity, h'o'' this reason the activities :ire simply identified 
V V number. « - 

' he instrument was designed around the model using i'hiirston differential type 
icstion consiruciion, Kach factor of the model svas considered separately. Five 
questions. svere ilcvcloped to measure the level of presence of a factor in the 
organization. An example.of a question for the first factor. Docimientation. l>: 
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EXAMPLE OF QUb'S ; ONS: 

FACTOR ^^i ' ' ^ Q in >^ 

'METHOD OF INFORMATION DOCUMENTATION o S f § § 

TECHNICAL AND/OR TRADE JOURNALS OFTEN HAVE USE- E S o § E 

FUL IDEAS ABOUT PROCESSES OR PRODUCTS THAT ^ ^ ^ ^ ^ 

ENGINEERS CAN PUT TO PRACTICAL USE, 1 2 3 4 5 
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I he icspoiulLMil had the option ol' indicaliiiu: strongly agree, agree, no opinion, 
thsagree, and slioMgh disagree. 

The questions Tor I aelor //2 ssere striieltired in a simiTar way. One example is: 
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EXAMPLE OF QUESTIONS: < \ a 

FACT0R#2 . ^ i a ^ 

THE DISTRIBUTION SYSTEM § S g S o 

COLLEAGUES WHO ATTEND PROFESSIONAL . MEETINGS fE g o § f 

USUALLY PREPARE A REPORT OUTLINING THE NEW <o < z d m 

INNOVATIONS THAT THEY SAW .OR HEARD ABOUT. 1 2 3 4 5 

Oik: liisi cNamplC'is Titiri) the grnup nf live iiiicstintis to cviiliiatc the factor 
Hormal Oijcnat/'ifiTiins : ' v I'scr. It is shmvn here. 

^ ■ b • ■ - ■ 

UJ 

... in ^ 
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EXAMPLE OF QUESTIONS: ■ E 



FACTOR //3 



i O UJ i 

o z I^J o 



f^OPMAL ORGANIZATION OF THE USER § ffi S o 5 

MaNA?t£MENT encourages inter-departmental f g f 



< Z Q 



COOPERATION AND ASSISTANCE AT ALL ECHELONS IN 
SOLVING PROBLEMS. 1 2 3 4 5 



This nietluulology svas appiieO 10 all nine laetors. This then resulted in nine 
liiciors limes live questions eaeh or 45 questions in total. The questionnaire was 
designed to he relatively short and easy to read/ 

Nine of the elcsen organizations svere large enough lo have over 200 profes- 
sional emph^yees. For these oi\:ani/.ations the sample ssas about 200. The re- 
sponse svas ahoul 5(K/ . . 

Tsvo of the organi/.atTons ss ere nnieh smaller.. I'he sample si/e svas svith a 
50'V response of ahoui 25. 

The anah is technique thai seemed most reasonable lo us svas tlv: median ehi 
square. 1 he median- Ibr-eaeh factor ss \s determincti for the combined, sHiiiple 
pi^pulalion of the elesen organi/alions. This established ihe referci.^e standard. 
Then each factor t>f each of the eles en organizations svus tesied agalnsi ilie me- 
dian using chi square analysis. If the te.si of a factor against ihe reference gave a 
ehi square \aluc of 3.S4 or larger then it svas considered signilicantly different at 
lhe^^^5'/' lesel. For this discussion the crilical salue ssas thei'cfore .V.S4. This is 
summari/etl as: 



ANALYSIS TECHNIQUE 
MEDIAN CHI SQUARE TEST 

CnrSQUARE VALUES EQUAL TO OR GREATER THAN 3,84 SHOW A SIG- 
NIFICANT DIFFERENCE FROM THE MEDIAN OF ALL ACTIVITY (D.F. 1, 
0.95 --3,84) c . . 

PLUS VALUES INDICATE A DIFFERENCE IN A FAVORABLE DIRECTION. 
NEGATIVE VALUES INDICATE A DIFFERENCE IN AN UNFAVORABLE 
DIRECTION. ^ ^ 

9 1 



l igurc N 2 IS iniontlcil lo show ihe most tlramalic resulis IVom ihc stiidy. The 
nine lacluis iire lisloil on ihe iihseissa.* Aciiviiy // 10 is Hie orjijmi/aiion wiih the 
liirgesi nuniher ol posiliAe ehi sijtKire viiluesgreaierlhan Ineonirasi Aeiiviiy 
#3 has ihe laryesi of negative ehi square values greulcr than \ 
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WORST 






RESPONSE 


RESPONSE 






Aciivity 


Activity 
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■1. 


DOCU 


. ^31.737 


7.205 


2. 


DIST 


' 11.032 


6.514 . 


3. 


ORGA 


» 5.813 


7.170 


4. 


PROJ 


0.224 


5.761 


5. 


CAPA - 


3.062 


0.123 ■ 


6, 


LINK 


* 5.706 


12.173 


7. 


CRED 


0.427 


0.190 


8. 


RE WD 


♦ 0.085 


2.593 


9. 


WILL 


^ 0.558 


4.4.17 



Finnic 8-2 Oruani/ation Response^ This cluirt .shows the nicdiun chi Mjiiart vahics 
lor the iiiiivity with the most factors with chi sqiiiirc vahics si^nihcantiy positive and 
the activity with the nio.st factors that arc sij^nilicantly nej^aMvc. Details of the chi 
square ralciihitioiis arc discussed in the caption to Fimire 3. 



Analysis would tenil tn support the argument that Aeii\ #l() \vas performing 
\ery s\ell in sueh faetor areas as doeunientation. distril>uiion, organi/alion. and 
linker perforinanee. In contrast Activity #3 appeareil lo have low performance in 
the factor areas of documentation, distribution, organization, project selection, 
h'nkcr perfoi niance. and s\illingness to accept new ideas. 

What does high or losv performance meanV At that point it is a value Judgment 
on our part because s\ e has c not demonstrated Ihc validity of the test': However, it 
would appear to us that organizations that arc more effective in terms of their 
technology iransfei' accomplishments wilftend to have higher positive ehi square 
numheis. ' > 

.Some of the organizations that were selected were those that we believed w'eic 
superior and some were those thai we believed v\cie inferior in terms of their 
effectiveness at technology tiansfer. Our intuitive judgement was supported by 
the chi square tests. o 

One of the things that w e ha\ e not done is to establish a weight oi coefficient for 
each of the factors. 

^'ou can see in Figure that each of the factors is considered separately. We 
lia\e no reason to believe that they should or should not have an equal weight in 
terms of theii effect on the technology transfer capability :^t'thc organization. . 

We would like to do additional rescarch'in order to detei mine just how impor- 
tant each of the factors are. Ilosv important is reward? How importanfis ciedibili- 
ty'.^ It is our strong feeling that these factors may be i)f different importance in 
dilTereni iwganizations depending Upon organizational objectives. 

In other wurds. we need to assign a coeflicient to each of the factors in order to 
reflect ii^s importance in an iMganization It is oin* hope that the coefhcients w ill be 
a constant Ww an\ spccilic sector of th.- economy, i.e.. private research, govein- 
ment research, private engineering etc, 

• . AVc have not attempted to add the factors together a! this point in time. Because 
yf !fiis. we do. not 'i\c a single index number that can be Used as a grade or 
c\:;ilualion score for an organization. 
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INVESTIGATION OF INSTITUTIONAL AND BEHAVIORAL BARRIERS 
TO TECHNOLOGY FLOW AND UTILIZATION 



ACTIVITY ACTIVITY ACTIVITY ACTIVITY ACTIVITY ACTIVITY ACTIVITY ACTIVITY ACTIVITY ACTIVITY ACTIVITY 
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UUlU 




DIST ■ 


0,567 


ORGA 


-0,936 


PROJ 




CAPA 


-3.434 


LINK ■ 


■0,024 


CRED 


■ +0,431 


REWD 


10,530 


WILL 


'2,355 



, n 13 '#4 . 15 

■2,371 TtS [11 -0.347 

■0,002 1351 -0.002 ■■1.584 

■•1.950 EiH +0.2't8 liM 

■•1,389 -0,453 t-3,028 

Ell - 0123 -0,245 -2,206 

-0,216 [j|i73]' +1,559 -1,242 

:-0,198 - 0,190 ■; 1,502, Ep27l 

-1,292 - 2,593 "0,227 r2,109 

■0,072 nM -0,783 -1,239 



■1,040 
•0,749 
■■1,305 



-0,097 
-3,081 
■1,557 



ih n 19- 110 111 

-0,003 Eii] MM -O'OOO 

1 0,208 1 0,206 t0,942 

- 0,029' "0,002 



,043 -0.031 - 0,224 ■0,276 
■0,698 + 3,062 



+U,' 
0,000 
-2.977 
,-0,176 
+0,005 
-■0,637 

•0,006 -0,531 -■0,831 -1,527 '^0,558 



5.813 :0,190 



5,840 



0,001 

0,535; +0,713' [|^ Ltll 

T3C5| ■1.2,828 - 0,427 +0,329 

g •0.015 t o',085 m 



Fi||ure 8-3 A Median Clii Sijiiarc Test Matrix of Activltj vs. Factor, Above are shown the statistic, 
median Chi Sqnare; for eleven activities vs the factors of the technolouy transfer model. The Instrnment 
m a .self-administered questionnaire with five iiucslions for each factor studied. The ijuestions were 
multiple clioicc attitiidinal, with live possible answers. The response rate was approximately fifty percent 
and was about the same for all activities tested. No follow up was used. The completed and usable response 
was approximately N=H)0 for each of 'nine organizations and approximately 25 for the other two. The 
reference mejlian or expected value for the Chi Square was the median of all eleven activities. The [+) 
'sn indicates that the activity was better than, the median while the |-| sign indicates that the activity 
was below the median for the particular factor being tested. Jhe Chi Square, I D.F. is 0.!)()=2.7I, 
P'i^lM and (I.994.63. Factors with either |+| or [-] Chi Square values greater than 0,9 prob- 
ability of bclnl'different from the median of the cleyei) activities are contained In a box. 



V\^\\\v is the loial picMurc of the si\i(ly. All olovciu)i'i;aniziitions arc shown. 
Note (hal Acliviiy ff\ is very close to the iiiediiui for all laclors. 

Aeiiviiy #3 is the one lhal was shown in Figure #2 with the large number of 
negative ehi square values. 

Activity # 10 is the organization with the largest number of faetors with positive 
ehi square values. 

Another eonsitleralion that we have examined and that we wiiwder about is the 
objective of the organization. Activity #10 is profit mi)tivated as contrasted to a 
private or government research laboratory. This may be important and may lend 
to tell us something about the high positive ehi square scores. ^ 

In review, we have taken the factors of the model and developed an instrument 
which attempt.s to measure each of the factors. Wc then administered the instru- 
ment to eleven different organizations. 

In analyzing the data we have found a difference between the organizations. Wc 
have evaluated these differences in terms of the median chi square test. We found 
that there were significant differences between some of the factors. Some organi- 
zations have several factors that are positive and signilicant and some organiza- 
tions ba\e several factors that arc ncu;i' ve and signilicant when the median chi 
square test is applied. 

Ttiis tends to lead us to the feeling that it may be possible to identify (using the 
technique) organizations that are high performers in terms of technology transfer 
anil those which are low performers. 

One might postulate beyond this state that it conceivably could be trui that 
certain actions could be taken to change the behavior of the individuals within the 
organization so that the organization would be more efficient. 
^ I think when you get into the area of behavior ch anging yo u should Jhink about 
the work reported Hy"'Dr. Da " ' 

Perhaps the most vulnerable aspect of this research is that we do, not have a 
. reference standaril. A reference standard is needed in order to make the best use 
of these data. This will be the objective of future study. 
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